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(54) VARIANT loxP SEQUENCES AND APPLICATION OF THE SAME 

(57) Highly efficient gene integration or gene replacement in the higher eucaryote including animal cells can be per- 
formed by using mutant loxP site having the following properties (a) - (c) in the present invention. 

(a) a nucleotide sequence wherein, in a wild-type toxP site of the following formula derived from E. cofi P1 phage, 
at least one of the bases consisting of second (T). third (G). fourth (T) and fifth (A) bases, and at least one of the 
bases consisting of sixth CO and seventh (G) bases within the 8 bases in the central part of the sequence (spacer 
region) are substituted by different base, and regions except for the spacer region are optionally substituted by any 
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5 ' -ATAACTTCGTATA ATCTATnr TATACGAAGTTATL-3 • 
Spacer Region 
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CO (b)a specific recombination between said mutant loxP and the wild-type hwP site can not occur even in the pres- 

O ence of recombinase Cre; and 

W (c) a specific recombination between the mutant loxP sites having identical nucleotide sequences can occur in the 

JO presence of recombinase Cre. 

O 
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FIG.1 



(Xhol) ApaLl . wwapww „ Mlul 

(s) 5*-TCGAG GTGCAC ATAACTTCGTATA ATGTATCC TATACGAACTTAT ACCCGT T-3' 
(a) 3'-C CACCTC TATTGAAGCATAT TACATACG ATATCCTTCAATA TGCCCA ACATC -6' 
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Technical Field 

5 [0001] This invention relates to a mutant loxP site and applications thereof. More particularly, the present invention 
relates to the mutant kwP site, in which a specific recombination between the mutant toxP site and a wild-type loxP site 
can not occur, but a specific recombination between mutant loxP sites can occur in each other, and gene replacement 
using the said mutant toxP site. 

10 Background Art 

[0002] « is not m easy to irrtep/ata any gene into specto^ 

higher eucaryotes or to delete specific gene therefrom. A conventional method for gene integration into the specific site 
of chromosome of animal cells is. for example, that cells are transformed wito plasmid DNA, to which DNA having the 

is same site with the site of chromosome to be intended to integrate is Boated with both sHes of the objective gene, to 
obtain the cells, to which the objective gene is Integrated by homologous recombination. Frequency of homologous 
recombination is. however, extremely low. To that end. the objective gene and drug resistant gene should be simultane- 
ously integrated and selected by drug. Consequently, several months have to be required to obtain the abjective cells. 
Further, although preparation of recombinant animal virus, to which the objective gene is integrated, is slightly easier 

so than the previously described case of chromosome of cells, however even in case that for example, the recombinant 
adneovirus is constructed, various treatments including homologous recombination by using plasmids, to which objec- 
tive gene is integrated, as well as cloning, selection and growth of the recombinant virus are required (Bett et al.. Proc. 
Natl. Acad. Sci.. 91: 8802-8806. 1999 and Miyake et al.. ibid. 93: 1320 - 1324. 1996). 

[0003] One of reasons why the gene manipulation of specific sites in chromosome of animal ceils and the construe- 
as tion of recombinant virus are difficult is using homologous recombination with low frequency. Contrary to that, if it can 
be used enzymes, which can specifically recognize DNA Sequence, as like restriction enzymes used for construction 
of plasmid or bacteriophage, it is expected to improve the eff iciency of the gene manipulation on cell chromosome. 
Example of such the enzyme is recombinase Cre derived from bacteriophage P1 of E. colt. 
[0004] Cre is a specific DNA recombinase, which recognizes specific nucleotide sequence (kwP site) and conducts 
30 total processes including DNA strand cleavage, strand exchange and ligation of each DNA strand within this site (Stern- 
berg et al., J. Md. Biol.. 150: 467-468. 1981 : AbremsW et al.. J. Biol. Chem.. 259: 1509-1514, 1984; and Hoess et al.. 
Proc. Natl. Acad. Sci., 81 : 1 026-1 029, 1 984). In case that two loxP sites of the same direction exist within the same DNA 
molecule, DNA sequence between them is excised to form circular molecule (DNA excision reaction), or on the con- 
trary, in case that two loxP sites exist in the different DNA molecules, and the one is a circular DNA. the circular DNA is 
35 inserted into the other DNA molecule through loxP site (insertion reaction). Although Cre and kwP ate were found in 
bacteriophage, the specific ONA recombination reaction is known to function not only in the procaryotes but also in the 
eucaryotes including animal cells and in the animal viruses. Examples of excision reactions are cultured animal cells 
(Sauer et al.. Nucleic Adds Res.. 17: 147-161. 1989 and Kanegae et al.. Gene. 181: 207-212. 1996), animal viruses 
(Sauer et al., Proc. Natl. Acad. Sd.. 85: 5166-5170. 1988; Anton et al.. J. vlrd.. 69: 4600-4606. 1995; and Kanegae et 
40 al.. Nudeic Adds Res., 23: 3816-3821. 1995). and transgenic mice (Lakso et al.. Proc. Natl. Acad. Sd., 89: 6232-6236. 
1992; Oman et al.. bid.. 89: 6861-6865. 1992; Qu et al.. Call. 73: 1 155-1 164. 1993 and Qu et al.. Science, 265: 103- 
106. 1994). 

[0005] In aridrtion. if the irwertcnreex*cn is applied, a^ 

or viral genome, in which loxP site exists previously, but the frequency of insertion is extremely low (Fukushige et al.. 
45 Proc Nad. Acad. Sd.. 89: 7905-79029. 1992 and Sauer et al.. Proc. Natl. Acad. Sd.. 84: 9108-91 12. 1987). conse- 
quently it is not practicable. Because, the insertion and excision are irreversible reactions, consequently if twoJoxP sites 
are existed in the identical DNA mdecuie as a result of insertion reaction, the excision reaction immediately occurs, 
moreover a reaction equinbrtum lies overwhelmingly so far to the excision reaction. 

[0006] In order to increase frequency of the insertion reaction, trials on using toxP site (mutant type), which is dif- 
so ferent from the original nudeotide sequence of loxP site (wild-type), were performed. The toxP site consists of DNA 
sequence of 34 bp. Among them, 8 bp sequence between two 13 bp inverted repeats is designated as spacer region, 
and recombination of DNA strand is known to be carried out wilhin the spacer region (Hoess et al.. J. Md. Bid.. 181; 
351-362. 1985). 
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1 xP site (34bp) 
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5 ' -ATAACTTCGTATA ATGTATGC TATACGAAGTTAT-3 ' 

3 ' -TftTTfiAASTATAT TrOTACffi ATATfVTTrAATA-.S ' 
Inverted Spacer Inverted 

Repeat Region Repeat 

{13bp) (8bp) (13bp) 



[0007] K was shown that the specific DNA recombination reaction between loxP site (mutant laxP site), in which a 
20 base at position 7 in the spacer region is substituted from O (guanine) to A (adenine), and wild-type loxP sequence can 
not occur, but the specific ONA recombination reaction between two mutant loxP sites can occur (Hoess et al.. Nucleic 
Acids Res.. 14: 2287-2300. 1986). 

[0008] Trials that a gene located between mutant loxP site and wild-type toxP site in the DNA molecule is inserted 
between mutant loxP site and wild-type toxP site in the other DNA molecule or replaced by the other gene between 

» them, are carried out Examples of these trials are replacement of a gene on the plasmid vector by a gene on the bac- 
teriophage gene (Waterhouse et al.. Nucleic Acids Res., 21 : 2265-2266. 1993). insertion of a gene on the phagemid 
vector to the plasmid vector (Tsurushita et al. . Gene. 1 72: 59-63, 1 996) and replacement of a gene on the plasmid vec- 
tor by a gene on the chromosome of animal eeOs (Bethke et al., Nucleic Adds Res.. 25: 2828-2834. 1 997). 
[0009] These trials were, however, performed by using only one mutant loxP site. i.e. the kwP site in which a base 

30 at position 7 of the spacer region was substituted from Q (guanine) to A (adenine) (mutant loxP site), and the fact that 
whether it is preferable or not is unknown, because the recombination reaction between the mutant kwP site in the said 
sequence and the wild-type toxP site does not occur. Further, in the above an three trials, the experimental systems, in 
which the drug resistant gene itself or the drug resistant gene together with objective gene is inserted and as a result, 
the recombinants having DNA molecules accompanied with the objective recombination can only acquire drug resist- 

35 ance and amplyfy, are used. Consequently, even H efficiency of the actual gene insertion (gene replacement) is low due 
to the recombiantion between the kwP site with incomplete mutation and the wild-type loxP site, such the experimental 
result is biased by the selection with drug resistance, and the apparent reaction efficiency may possHy be expressed 

[001 0] Actually, as a result of direct and quantitative measurement found by us, in the mutant toxP site with substj- 
40 tution from G to A at position 7, a recombination reaction between it and the wild-type loxP sequence occurs with fre- 
quency of approximately 5%, which shows incomplete mutation of the loxP site. 

[001 1 ] As explained hereinabove, in the prior art a technique for performing gene replacement in the chromosome 
in animal cells using mutant kaP site and w8t-type kaP site has tried, but its eff iciency was not suffciertt 

45 Disclosure of Invention 

[001 2] An object of the present invention is to provide a mutant loxP site wherein, in the presence of recombinase 
Cre. recombination with a wild-type loxP site can not occur, and recombination between two mutant toxP sites having 
the identical sequence can occur at the almost same efficiency of the recombination between two wild-type toxP sites. 

so Further object of the present invention is to provide a method for gene integration or gene replacement with high effi- 
ciency in higher eukaryote including animal cells by the combination of the wild-type loxP site and the mutant toxP site, 
or the combination of the mutant kxxP sites having different sequences in each other. More further object of the present 
invention is to provide application of such the methods for gene transfer to animal and plant cells, construction of recom- 
binant viruses, gene manipulation in the animal and plant bodies, and the like. 

55 [0013] We have studied a mechanism of recombinase Cre-dependent recombination between two kwP sites and 
identified nucleotide sequence of loxP site essential for the reaction, as a result of preparing mutant loxP sites with pos- 
sible single base substitution for all of 8 bases in the spacer region of I xP site and studying the reactivity by means of 
very sensitive assay method. Accordingly, we have identified, on the basis of these findings, the mutant loxP site, in 



EP 1 035 208 A1 



which a recombination between two mutant loxP sites jawing the identical sequence can occur with nearly equal effi- 
ciency of the recombination between two wild-type loxP srtes, and a recombination between the mutant k»P site and 
the wild-type loxP site or between the mutant loxP sites having different sequence can not occur. Further we have suc- 
ceeded, as a result of combining these loxP sites, to integrate a gene with extremely high efficiency into chromosome 
of animal cells. The present invention has been completed based on these findings and as a result of further progress 
of studies. 

[0014] Accordngly. the gist of the present invention is as shown In the following (1) - (21); 

(1) A mutant loxP site having following properties: 

(a) a nucleotide sequence wherein, in a wild-type loxP site of the following formula derived from E. coB P1 
phage, at least one of the bases consisting of second (T). third (G). fourth (7) and fifth (A) bases, and at least 
one of the bases consisting of sixth (7) and seventh (Q) bases within the 8 bases in the central part of the 
sequence (spacer region) are substituted by different bases, and regions except for the spacer region are 
optionally substituted by any base; 
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5 ' -ATAACTTCGTATA ATflTATfff TATACGAACTTAT-3 ' 
Spacer Region 



(b) a specific recombination between said mutant loxP site and the wild-type loxP site can not occur even in the 
presence of recombinase Cre; and 

(c) a specific recombination between the mutant loxP sites having identical nucleotide sequences can occur in 
the presence of recombinase Cre. 

(2) A mutant toxP site having following properties: 

(a) a nucleotide sequence wherein, in a wild-type ksxP site of the following formula derived from E. coli Pi 
phage, a base selected from the group consisting of second (T), third (Q) and fourth (T) bases is substituted 
by a different base, and regions except tor the spacer region are optionally substituted by any base; 
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5 ' -ATAACTTCGTATA ATfiTATnc TATACGAAGTTAT-3 * 
Spacer Region 



(b) a specific recombination between the said mutant loxP site and the wild-type loxP site can not occur wen 
in the presence of recombinase Cre; and 



(3) The mutant loxP site according to (1 ) or (2) above, wherein the specific DNA recombination between the mutant 
loxP site and another mutant loxP site having different nucleotide sequence can not occur in the presence of 
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recocrtbinaseCre. 

(4) The mutant loxP site according to (1 ) above, wherein th nucleotide sequence is expressed by SEQ ID NO: 26. 
SEQ ID NO: 29, SEQ ID NO: 30. SEQ ID NO: 35. SEQ ID NO: 39. SEQ ID NO: 42. or SEQ ID NO: 49. 

(5) A ONA comprising the mutant loxP site according to any one of (1) to (4) above. 

(6) A DNA comprising at least one wild-type loxP site and at least one mutant loxP site according to (1) or (2) above. 

(7) The DNA according to (6) above wherein a desired gene is inserted between the wild-type loxP she and the 
mutant loxP site. 

(8) A DNA comprising at least two mutant toxP sites having different nucleotide sequence in each other according 
to (3) above. 

(9) The DNA according to (8) above wherein a desired gene is inserted between two mutant loxP sites having dif- 
ferent nucleotide sequence in each other. 

(10) A cell which is transformed by ONA according to any one of (6) to (9) above. 

(11) A method for replacing gene comprising reacting DNA (a) and DNA (b) hereirbetow in the presence of recom- 
binase Cre and obtaining DNA (c) hereinbetow: 

(a) a DNA comprising of a wild-type toxP site, a gene A and a mutant taxP site according to (1) or (2) above, in 

(b) a circular DNA comprising of a wild-type kwP site, a gene B and the same mutant loxP site as DNA (a) in 
this order; and 

(c) DNA in which a gene A is replaced by a gene 8 in DNA (a) 

wherein each of gene A and gene B is any gene selected from the genes different in each other. 

(12) A method for replacing gene comprising reacting DNA (a) and DNA (b) hereinbetow in the presence of reccm- 
binase Cre and obtaining DNA (C) hereinbelow: 

(a) a DNA comprising of two mutant loxP sites having different nucleotide sequences in each other according 
to (3) above (mutant loxP site 1 and mutant loxP site 2) and gene A. arranged in the order of mutant toxP site 
1 / gene A/ mutant toxP site 2; 

(b) a circular DNA comprising of the mutant loxP site 1 . the gene B and the mutant loxP site 2. in this order: and 

(c) a DNA in which gene A is replaced by gene B in DNA (a) 

wherein each of gene A and gene B is any gene selected from the genes different in each other. 

(13) The method according to (1 1) or (12) above wherein the gene B is not a functional gene. 

(14) The method aocording to (1 1) or (12) above wherein the gene A is not a functional gene. 

(15) The method according to any one of (1 1) to (14) above wherein DNA (a) is chromosomal DNA of cells and 
DNA (b) is plasmid DNA or ONA of double-stranded circular DNA virus. 

(16) The method according to any one of (i 1) to (14) above wherein DNA (a) is chromosomal DNA of ceils and 
DNA (b) has properties to be converted intracellularty to double-stranded circular DNA. 

(17) The method according to any one of (1 1) to (14) above wherein DNA (a) is chromosomal DNA of double- 
stranded DNA viruses and DNA (b) is plasmid ONA or DNA of double-stranded circular DNA virus. 

(18) The method according to any one of (11) to (14) above wherein DNA (a) is chromosornaJ DNA of double- 
stranded DNA viruses and ONA (b) has properties to be converted intracellularty to double-stranded circular DNA 

(19) The method according to (17) or (18) above wherein double-stranded DNA virus of DNA (a) is adenovirus. 

(20) A transgenic animal having ONA according to any one of (6) to (9) above on the chromosome. 

(21 ) A pharmaceutical product comprising DNA according to any one of (6) to (9) above. 

Brief Description of Drawings 
[0015] 

Rg. 1 : A structure of synthetic DNA containing wild-type loxP site, (s): sensestrand. (a): antjsense strand. 

Fig. 2: A synthesized nucleotide sequence of spacer region in mutant loxP site with single-base substitution (sense 

Rg^A synthesized nucleotide sequence of spacer region in mutant KwP site with single-base substitution (ant- 
sense strand). 

Rg. 4: A synthesized sequence of spacer region in mutant loxP site with double-base substitutions (sense strand). 
Rg. 5: A synthesized sequence of spacer region in mutant loxP site with double-base substitutions (arrtiserwe 
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»Cr dependent recombination between mutant laxP srtes using 

(bp) of fragment by BsaHl digestion. 
Rg. 7: A schematic drawing showing a structure of plasmid pBRwt "L": wild-type kaP sita Arrow upper part of let- 
ter L: direction for laxP site. ApR: ampWllin resistant gene, ori: replication origin in E. cdi. 
Fig 8: A schematic drawing showing a linear DNA in which a wild-type kaP site in one end and a mutant kaP site 
in other end are bound. "M": mutant loxP site. V: wild-type kaP site. Arrow upper part of letter: direction for loxP 
sita (the same as in the figures hereinbetow). Arrow for downward direction: BsaHl site. Numerals show length (bp) 
of BsaHl digestion fragment 

Rg. 9: A schematic drawing showing a structure of plasmid pBLAmutant Thick fine: derived from pBR322. Thin 
line: derived from adenovirus. 

Rg. 10: A schematic drawing showing reeombinase Cre dependent recombination between wild-type kaP site and 
mutant kwP site using linear DNA as substrate. Thin arrow: Oral sita 

Fig 11: A schematic drawing showing plasmid puLwL (A), plasmid puLwM (B) and plasmid puMwL (C). 

Rg 12: A nucleotide sequence of mutant type synthetic DNA used for construction of plasmid puLwM. Underlined 

part- kwP sita Doubly underlined part: spacer region (8 bp). Thick letter: base substituted. 

Rg 13: A nucleotide sequence of mutant type synthetic DNA used for construction of plasmid puMwL Underlined 

part loxP site. Doubly underlined part: spacer region (8 bp). Thick letter: base substituted. 

Rg. 14: A schematic drawing showing a structure of plasmid pCALwL (D) and plasmid pCALwM (E). CAPro: CAQ 

promoter. GpA: p-globin poly(A) sequence. 

Rg. 15: A schematic drawing showing a structure of plasmid puLZM (F) and plasmid puMOL (G). SpA: ori and 
p^ry(A) srte^SV40^ dfawjng shotling a structure of plasmid puLZMOL (H) and plasmid puALZMOL (I). TpA: 
poly(A) sequence of thymidine kinase. 

Rg. 1 7: Schematic drawing tor experiment showing that lacZ gene on plasmid DNA (circular DNA) can be inserted 
onto adenovirus genome by combination of wild-type loxP site and mutant k»P sita 

Rg 18- A schematic drawing showing plasmid pCALwMds (A), plasmid pCALhmBMds (B) and plasmid pCALGFB- 
Mds (C). hmB: hygromycin B resistant gene. GFB. fused gene with GFP and bleomycin resistant gene. 
Fig 19- Result of experiment on gene replacement on adenovirus genome. CV-1 cells were infected with Cre 
expression recombinant adenovirus at moi 1 5 and recombinant adenovirus for target at moi 9. Blue stained cells 
were observed for approximately 60% at moi 60 and approximately 90% at moi 100 of recombinant adenovirus tor 

F^20: Schematic drawing for experiment showing that lacZ gene on plasmid DNA (circular DNA) can be inte- 
grated onto chromosome of cells by combination of wild-type kaP site and mutant IokP site. 
Rg 2 1 • Result of experiment on gene replacement on chromosome of cells. Six clones of hygromycin resistant tar- 
get cells (C3 C7. C8. C1 1 . CI 9 and C28) were infected for 1 hour wilh Cre expression recombinant adenovirus 
AxCANCre at moi 5 and recombinant adenovirus for donor AxALZMOL at moi 10, 30. 100 and 300. respectively. 
Blue stained cells were observed from 10% (C19) to 30% (C8). when cells were infected with recombinant adeno- 
virus tor donor at moi 100. although frequency was different as observed depending on ceil linea 

Best Mode tor Carrying Out the Invention 

[00161 The present invention is explained in detail as tollowa 

[00171 The mutant kwP site in the present invention is indicated by the nucleotide sequence, in which specific 
basefe) in the spacer region of the wild-type kwP site is substituted by base(s) different from original base(s). and as a 
result of such the substitution, substrate specificity in the specific DNA recombination mediated by reeombinase Cre is 
changed such the substitution may irx^esut>sti^ 

substrate specificity means that, in case of three types of loxP site such as wild-type toxP site, mutant loxP site 1 and 
mutant loxP site 2 specific DNA recombination mediated by Cre can not substantially occur in combination with the 
wikj-type taxP site and mutant loxP site 1 . the wild-type kaP site and mutant loxP site 2. and the mutant toxP site 1 and 
mutant toxP site 2. respectively. Accuracy of substrate specificity can be a sufficient level to perform gene replacement 



, w bj The mutant loxP site and the wild-type kaP site are in advance integrated in chromosome of celte. and the 
circular DNA, in which any gene is located between the same combination of two kaP srtes, is transduced into cells 
55 together with reeombinase Cre. Then, an intermediate, in which tour kaP sites are located to generated** a rasultol 
insertion reaction between the respective mutant kaP sites or the respective wM-type ^ L ^ubaac^ fht 
excision reaction occurs between kaP sites which are different combination from the case of insertion reaction, (i.e. m 
case of the insertion reaction occurring between the wild-type toxP sita the excision reaction occurs between mutant 



7 



EP 1 035 208 A1 



IqxP sites). Then the optional gene between the mutant loxP site and wild-type toxP site in the circular DNA is inserted 
between the mutant toxP site and the wild-type loxP site in the chromosome of cells. In case that another gene is 
located between the mutant loxP site and wild-type loxP site in the chromosome of cells, such the gene is excised from 
the chromosome by the above reaction and is replaced by the gene which is inserted in the circular DNA. Consequently, 
it rrutartlcocP site artowiW-tyrjetoxP site e^ 

the site. In addition, instead of a combination with mutant toxP site and wild-type kaP site, two mutant loxP sites, which 

do not occur specific DNA recombination, can be used. 

[0019] The mutant loxP site of the present invention was identified as follows. 

[0020] A mutant loxP site, in which a base at position 7 in the 6pacer region is substituted from Q to A, is known as 
an example of mutant toxP site, in which substrate specificity of ttie kaP site is changed. (Hoess et al.. Nucleic Acids 
Res.. 14: 2287-2300. 1986). m that assay method, wild-type loxP site and mutant toxP site are ligated into the both 
sides of kanamycin resistant gene in a piasmid having ampratlin resistant gene and kanamycin resistant gene, then E. 
cofi expressing Ore is transformed by the thus obtained piasmld. After selection of ampidDin resistant E. cofi. the effi- 
ciency of the recombination between the wild-type IcxP site and mutant loxP site was estimated by the eodstense of kan- 
amycin resistance (kanamycin resistance is lost if recombination occurs between two tad* sites). It is uncertain that 
how much the actual recombination reaction is reflected by the results in such the experiment because the result of 
recombination mediated by Ore in one molecule of piasirid is amplified for several hundreds millions times, moreover 
since it uses drug selection. 

[0021 ] We have established more direct and quantitative assay method and identif ied bases in the loxP site essen- 
tial tor recombination mediated by Cre. Such the assay is explained briefly as follows. DNA containing mutant loxP site 
with a single-base substitution (total 24 kinds), in which all of 8 bases in the spacer region are substituted by a base 
one by one selected from all substrtutaWe bases, and DNA containing wild-type toxP site are synthesized by conven- 
tional method. DNA fragments, to which the synthesized wild-type loxP site and the mutant loxP site are ligated on both 
ends of the DNA fragment having suitable length, tor example linear DNA fragment prepared by digestion of a plasma 
pBR322 by restriction enzyme, are used as substrate. The substrates are reacted with Cre protein in the in vitro cell free 
system for recombination, then the resulted products are digested by restriction enzyme and eiectrophoresed to meas- 
ure quantitatively the efficiency of recombination between the mutant kwP site and the wild-type toxP site. Following 
results are obtained. 

(1) The mutant toxP site, in which base at position 1 or 8 in the spacer region issubstiluted. can react with the wild- 
type loxP site. 

(2) The reaction between wild-type loxP site and a mutant loxP site, in which base at positions 2. 3. 4 or 5 is sub- 
stituted, stops almost within intermediate level without progressing to the final stage. A level of progress is slightly 
different in each other depending on the substituted base position, and in the mutant with substitution at position 5, 
very small portion proceeds to the final stage. 

(3) The reaction between wild-type kwP site and the mutant loxP site with substitution at position 6 can almost not 
produce intermediate, and the reaction proceeds partially until the final stage. Progression ratio up to the final stage 
is higher than cases in substitution at position 5 or 7. Progression rate of the reaction is depending on the kind of 
substituted base. 

In case that the original base T is substituted by A progression ratio up to the final stage is higher than the substi- 
tution by C or G. 

(4) The reaction between wild-type toxP site and the mutant loxP site with substitution at position 7. can almost not 
produce intermediate, and the very small part of reaction proceeds to the final stage. The mutant toxP reported 
conventionally is the substitution of the base at position 7 from G to A. The reaction between wild-type loxp site and 
mutant loxP site with this substtution, proceeds up to trw fir^ stage « arx^ frequency is 
too high for gene replacement of the present invention. Because, if the recombination between the wild-type loxP 
site and the mutant toxP ate occurs in such high frequency of 5%. a gene between two loxP sKe (wild-type and 
mutant type) may possUy be deleted by excision reaction with Cre. 

[0022] Intermediate used herein means condition of so called Hdliday-structure (Hoess et al. Proc Natl. Acad. 
Sci.. 84: 6840-6844. 1987), in which recombination in one strand of double stranded DNA occurs but the other strand 
does not. It is known that in the recombination reaction between two toxP sites, after clevage and religation between 
bases at position 7 and 8 in the lower strand of the spacer region, the reaction is terminated by clevage and religation 
between bases at position 1 and 2 in the upper strand (Que et al.. Nature. 389: 40-46. 1 997) . Consequently, substitution 
of bases at position from 2 to 5 is qualitatively differert from the substitution of bases at pos^ 
apparent that in the termer, the recombination of the lower strand can occur but that of the upper strand can not occur 
and the reaction stops at the intermediate stage, and in the latter, the recombination of the lower strand occurs partially 
with the tow frequency and the reaction partially proceeds up to the final stage. 
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[0023] Next, using the same assay method, recombination between two mutant toxP sites having identical nucle- 
otide sequence is examined. Although, differences in the efficiency of the reaction in the position of substitution and 
kind of substituted base is observed, specific recombination mediated by Cre between the two loxP sites with single- 
base substitution at position from 2 to 7 is confirmed. Difference in efficiency of the reaction depends upon tend of sub- 
stituted base rather than the position of substitution. For example, substitution of base at rxwtion 3 (G) by C. and that 
of base at position 7 (Q) by T are apparently worse in efficiency of the reaction than the substitution by other 2 kinds of 
base. 

[0024] Consequently, a mutant loxP site, in which a base selected from a single base at position 2 (T). 3 (O) and 4 
(7) in 8 bases of the central part (spacer region) of the wik^typelotf srte is si*6trh^ by a othe/r^e, arKlDrM rav- 
ing the said mutant toxP site are included within the present invention. 

[0025] In addition, according to the above knowledge, as a result of a combination of more than two of the single 
base substitution, which is qualrtatrvely different each other, i.e. a combination of the substitution in any one base at 
position from 2 to 5 and the substitution at position 6 or 7. it is expected to be able to obtain the mutant loxP site, which 
has extremely high specificity than single base substitution and has recombination efficiency between two identical 
mutant loxP srte almost equal to the single base substitution. 

[0026] Then, using the mutant loxP sequence, in which a base substitution in any one of bases at position from 2 
to 5 and a base substitution at position 7 are combined, and efficiencies of recombination between the wild-type loxP 
site and the mutant loxP site, and between two identical mutant loxP sites, are examined. As a result, the recombination 
between wild-type toxP site and most of the mutant loxP site with double-base substitutions can not proceed entirely up 
to the final stage. Consequently substrate specificity of double-base substitution s mutant is obviously increased as 
compared with the single-base substitution mutant However, the efficiency of the recombination between the identical 
two mutant loxP sites is largely different depending on their substitutions. Namely, some mutant kaxP sites can not react 
with the wild-type loxP site. Following mutant loxP sites show practically sufficient recombination efficiency: T2CA37A 
(#2171, SEQ ID NO: 26). T2A/G7A (#2271. SEQ ID NO: 29). T2A/G7C (#2272. SEQ ID NO: 30). Q3A/Q7A (#3171. 
SEQ ID NO: 35). G3T7G7A (#3371. SEQ ID NO: 39). T4C/G7A (#4171. SEQ ID NO: 42) and A50/G7A (#5171. SEQ 
ID NO: 49). Among them, reaction efficiency of T2A/G7C (#2272) and A5Q/Q7A (#5171) is extremely high. Numerals 
show a position of substituted base. A base before the numeral shows a pre-substJtuted base and a base after the 
numeral shows a post-substituted base. For example, abbreviation T2C/G7A means that a base at position 2 to substi- 
tuted from T to C. and a base at position 7 is substituted f rom Q to A. Relationship between number and SEQ ID NO in 
a parenthesis is shown in Table 2 hereinafter. 

[0027] As indicated, the recombination between the wild type loxP site and the mutant toxP site, in which two bases 
in spacer region of the wild-type loxP site are simultaneously substituted can not occur, but the recombination reaction 
between two mutant toxP sites can occur with high efficiency, which is apparently showed that the substrate specificity 
of the mutant loxP site with double-base substitutions is more increased than the loxP site with single-base substitution. 
[0028] Consequently, the mutant loxP site, in which at least one base at rxsitfcn 2 (T). 3 (G). 4 (T) and 5 (A), and 
at leasi one base at position 6 or 7 in 8 bases in the ceritntf part (spa 
other base, and ONA having the said mutant toxP site are included in the present invention. 
[0029] We have also examined whether the recombination between the mutant kwP site having different nucleotide 
sequence can occur or not. T2C/Q7A (#21 71) and T2A/G7C (#2272) are exemplified for that case, however no recom- 
bination can occur between these two types of different mutant loxP sites. This fact means that at least three types of 
loxP sites having different substrate specificities, i.e. the wild-type loxP site, the mutant loxP site 1 and the mutant loxP 
site 2. are found and are preferable for gene replacement hereinbetow described. 

[0030] A method for gene replacement using the mutant toxP site of the present invention and application thereof 
are explained as follows. 

[0031] The method for gene replacement of the present iriverrtion is comprised of: reacting with DNA (a) containing 
of the wild-type kwP site, gene A and the mutant loxP site, in this order, and circular DNA (b) containing of the wild-type 
loxP site, gene B and the mutant toxP site, in this order, in the presence of recombinase Cre, and replacing the gene A 
to the gene B in DNA (a). In this case, recombination dependent on Cre between the wild-type loxP site and the mutant 
IokP site can not occur, and gene A and gene B are any genes which are different in each other. 
[0032] The method for gene replacement of the present invention is comprised of: reacting DNA (a) containing of 
two mutant type kaP sites having each different nucleotide sequences (mutant loxP site 1 and mutant toxP site 2) and 
gene A arranged in the order of the mutant loxP site 1 / the gene A / the mutant loxP site 2. and circular DNA (b) con-: 
taining of the mutant loxP site 1. the gene B and the mutant loxP site 2. in this order in the presence of recombinase 
Cre, and replacing gene A to gene B in DNA (a). 

[0033] In this case, recombination dependent on Cre between the mutant k»P site 1 and the mutant loxP site 2 can 
not occur, and gene A and gene Bare any genes which ar different in each other. 

[0034] The method tor gene replacement will be performed basically as follows. As tor example, the method using 
the wild-type loxP site and the mutant loxP site is explained, but a case using the mutant loxP site 1 and the mutant loxP 
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site 2 Is same as in the case hereinabove. Explanation wffl be given with the case tor replacement of gen in chromo- 
some of animal cells, however the method of the present invention can be applied tor not orrty in chromosome of animal 
cells but also genome of animal virus, plant cells, chromosomes of microorganisms such as yeast and bacteria and 
bacteriophage. 

5 [0035] Rreto«aa.thewiM-typeloxPsHeandthemutart 

mat cells. The gene A can optionally be located between the wild-type taxP site and the mutant taxP site, and in this 
case gene replacement wiD be applied and if no gene A exists, the gene insertion technique will be applied. 
[0036] Reversely, the gene B to introduce is inserted between two taxP sites in a circular DMA molecule, in which 
the wild-type loxP site and the mutant foxP site are inserted. The circular DNA molecule can be a already circularized 

to molecule such as plasmid DNA and DNA of double stranded circular DNA virus, or a mdecuia which may be converted 
to circular molecule by any operation after transacted into cells. The circular DNA molecule, in which the gene B, the 
wild-type IcxP site and the mutant loxP site are located, is transfected into cells previously mentioned by means of 
Known method, and simultaneously Ore protein is expressed in that cells, then the gene B in the circular DNA molecule 
is integrated between the wild-type loxP site and the mutant taxP site on the chromosome of the cells. In case that the 

15 gene A is located between two loxP sites on the chromosome of cells, the gene replacement, in which the gene A is 
excised and the gene B is inserted, occurs. In case that no gene is located between two toxP 6ttes on the chromceome, 
gene insertion occurs. Further, if no gene is located between two loxP sites in the circular DNA, gene A on the chromo- 
some can be excised. Furthermore, even in case that no gene A exists, since two tax P sites are existed on the chro- 
mosome, another gene can also be inserted between two loxP sites by using the other circular DNA molecule which 

so has optional gene C between two loxP sites. 

[0037] Conventional method for transection of circular DNA molecule in animal cells can be used. Examples are 
physicochemical methods such as electrcporation, calcium phosphate transection, DEAE-dextran transfection, lipofec- 
tion and gene gun, and using circular DNA virus. Examples of circular DNA virus are papilloma virus and SV40. Exam- 
ple of method for converting to circular molecule after introduction into cells is a method using recombinase, examples 

» of which are FLP derived from 2 |d plasmid of yeast, R derived from pSR1 plasmid of Zygpsaccharomyces rouxii and 
Cra 

[0038] In order to integrate two loxP sites into chromosome of animal cells precendemJy. for example, cells are 
transformed by using plasmid DNA having two taxP sites. Transfection of gene in the transformation can be earned out 
by previously mentioned physicochemical methods. Further, viruses having properties to integrate viral genome into 

30 chromosome of cells, such as retrovirus, adeno-associated virus and HIV can also be used. 

[0039] Methods for expressing Cre in animal cells are, for example, a method for expressing Cre protein in cells 
after transfection of DNA or RNA encoding Cre gene into cells, or a method of introduction of Cre protein itself into cells. 
Example in the former is a physicochemical method tor transfection of DNA or RNA encoding Cre gene into cells, and 
a method of using virus vector. Examples of virus vectors are adenovirus, vaccinia virus, hetoes virus and EB virus. 

35 Among them, adenovirus is preferable example due to high efficiency of gene transfer. 

[0040] Advantages of the gene replacement on chromosome of animal cells using mutant toxP site of the present 
invention are high efficiency of the gene replacement and possibility of insertion of the gene for specific location of chro- 
mosome. The latter is especially important tor obtaining transtormant Because, in methods of conventional transforma- 
tion using DNA (except tor homologous recombination) or virus vector such as retrovirus and adeno-associated virus. 

40 since the objective gene is integrated into chromosome at random, the level of expression of the objective gene and its 
stability in chromosome are varied largely depending on integrated sites. Therefore, tor example, in order to obtain 
transformed cell line, which can stably express the objective gene with high level for tong period, large number of cell 
lines have to be screened and selected. Furthermore, the screening has to be repeated in each gene, i.e. in each trans- 
formation. Contrary to that in a method of the present invention, if it is once obtained stable cell lines with high level 

48 expression of the gene between two toxP sites as an index ol the gene expression, even though any gene is introduced 
to the ceil fines, it can be easy to obtain a stable cell line with high level expression of the gene introduced. Furthermore, 
since the efficiency is very high, no operation tor drug selection, which is conventonally essential operation, is required, 
and the objective cell Bnes can be obtained within short time only by ctoning operation of cells. Though there is no spe- 
cific restriction tor the objective cells, it is most preferable tor the purpose of transformation of ES cells used for gener- 

50 ation of transgenic animals. 

[0041] The gene replacement of chromosome of animal eels according to the present invention can be applied for 
not only cultured cells but also whole animal. As tor a method tor expressing specific foreign gene in animal body, a 
technique of transgenic animal is known. However, generation of transgenic animal which expresses objective gene 
needs for long time. In order to generate transgenic animals by common methods, very complex operations are neces- 

55 sary. i.e. preparing ES cells tor expressing objective gene, developing the ES cells in pseudopregnant maternal oviduct, 
screening the fetus by means of an index of expression of the objective gene to obtain transgenic animals, mating ani- 
mals expressing objective gene. The operations require generally for half to one year. Using the method of the present 
invention, once transgenic animals for gene transduction are generated, generation of transgenic animals correspond- 
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ing to respective genes is not required. The transgenic animals for gene transduction are animals, in which the mutant 
loocP site and the wild-type loxP site are integrated into chromosome. The generation of such animals can be performed 
by the same method as in generation of conventional trangertic animals. Drug resistant gene such as neomycin resist- 
ant gene may be inserted between two loxP sites for drug selection. To the animals for gene transduction, as a result 

5 of transduction of (a) circular ONA molecule, in which the objective gene is inserted between the wild-type loxP site and 
the mutant loxP site and (b) Cre protein, the objective gene is inserted into chromosome in tissues or cells, in which 
both of (a) and (b) are transduced, and the gene can be expressed. Introduction of (a) and (b) into animal body can be 
sufficiently carried out by conventional methods such as liposome, virus vector and gene gun. Using the method of the 
present invention, in case that different gene is transduced, circular DMA molecule (a) depending on gene is only used 

io and generating transgenic animals, which requires for long time, is no more necessary. Further, by only transducing 
both of (a) and (b) locally, the objective gene can be inserted into only the target organs or tissues. 
[0042] The present invention can be applied for generation of recombinant virus. Example of vtrus is DNA virus. 
Examples of DNA viruses are adenovirus, herpesviruses such as herpes simplex virus. EB virus, cytomegalovirus, and 
poxviruses such as vaccinia virus, canarypox virus and insect baculovirus. Further example is RNA virus, and espe- 

rs dally retrovirus is preferable. Because, in case of preparing retrovirus vector, potential virus producing cells are 
selected for respective retrovirus vectors, which produce respective genes. Using the present method, once high poten- 
tial virus producing cell lines, which express marker gene, are established, highly productive ceil lines can easily be 
obtained by replacing the marker gene on the chromosome of cell lines to the objective gene. 
[0043] Concrete example of preparing recombinant virus of the present invention is explained in an example of gen- 

x erating recombinant adenovirus. Conventional method for generating recombinant adenovirus is: transforming cells 
such as 293 cell by means of piasmid vector or cosrrad vector, to which adenovirus genome and objective gene are 
inserted, after cloning the recombinant virus generated by homologous recombination, selecting the objective virus and 
proliferating the virus. This needs for long time operation. According to the method of the present invention, since the 
operation does not use low efficient homologous recombination, the objective recombinant virus can be generated 

25 within short time. Namely, at first, adenovirus for gene transduction, to which the mutant toxP arte and the wild-type loxP 
site are inserted, is generated, then the said virus is infected to ceils such as 293 cells preferable for generation of 
recombinant adenovirus. Simultaneously, the piasmid DNA. to which the objective gene is inserted between the wild- 
type loxP site and the mutant toxP site, is transduced into the said cells and Cre protein is expressed. As s result, the 
recombinant virus, to which the objective gene is inserted between the wild-type loxP site and the mutant kaP site, can 

so be obtained with high frequency. In this case, process may include that adenovirus for gene transduction is generated 
in order to be deleted the packaging signal between the loxP sites by recontoinatton mediated by Cre, and the objective 
gene and packaging signal from piasmid DNA are simultaneously added and replaced to obtain the objective virus 
selectively. Cre protein may be transduced in the form of piasmid DNA or supplied by cells which can express Cre pro- 
tein eonstitotrVely or inducibfy by any induction after cells are previously transformed. 

35 [0044] The above method is explained in detail as follows. Explanation is given in case of generating recombinant 
adenovirus in which a foreign gene A is replaced by a foreign gene B. Example of a structure of recombinant adenovirus 
for gene transduction is adenovirus in which loxP sites are inserted in the order of adenovirus left inverted terminal 
repeat (ITR) / wild-type kaP site / packaging signal / wild-type loxP site / gene A / mutant loxP site. A fragment of wild- 
type toxP site / gene A is inserted into E1 deletion region. Example of piasmid DNA for insertion of foreign gene B is a 

40 piasmid having structure of wild-type toxP site / packaging signal / gene B / mutant loxP site. These adenovirus for gene 
transduction and piasmid for foreign gene B insertion are simultaneously or sequentially transduced into cells such as 
293 cells, which can express Cre protein, then the packaging signal between two wild-type toxP sites in adenovirus for 
gene transduction is excised, and at the same time the recombinant adenovirus, in which a region of wild-type kwP site 
/ gene A / mutant loxP site is replaced by the portion of wild-type loxP site / packaging signal / gene B / mutant loxP site 

45 derived from the piasmid. is generated. Adenovirus for gene transduction which did not occur gene replacement, can 
replicate viral DNA but can not replicate virus itsetl, since the packaging signal is deleted by an action of usual 'excision 
reaction' having high reaction efficiency between two wild-type toxP sites and DNA can not packaged within virus par- 
ticles (virion). On the contrary, gene replaced adenovirus has packaging signal, consequently the adenovirus can rep- 
licate as virus and the recombinant adenovirus which is replaced by 'gene B" can be obtained with high frequency. 

so [0045] Insertion position of the mutant loxP srte in adenovirus for gene transduction can be proximal to the foreign 
gene A or may be a position within adenovirus genome distal to the foreign gene A Examples of position of insertion 
in the latter are untranslated region between L3 gene and E2A gene, deletion site of E3 gene and a region between 
upstream region of E4 gene and right ITR. m case that the mutant loxP site is inserted into any of these regions to per- 
form gene replacement, length of DNA between wild-type toxP site / mutant toxP site in the piasmid for gene insertion 

55 has to be adjusted, in order to effectively packaging the generated adenovirus DNA into the virus particles (virion). How- 
ever, since the gene replaced recombinant adenovirus is deleted essential gene for virus replication, adverse reactions 
which are problems of the present adenovirus may be reduced, in case of using as a gene therapy vector. 
[0046] DNA containing mutant loxP site of the present invention can be used for gene therapy as pharmaceuticals. 
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The method is explained as tallows. 

[O047] At first the mutant IqxP site and wild-type toxP site are in advance integrated into chromosome of human 
cells. To this end. DNA having mutant kaP site and wild-type ImP site is used for pharmaceuticals. The said DNA is 
administered, for example in the form of containing within virus vector such as retrovirus and adeno-associated virus 
(AAV). Among them. AAV is preferably used. Because, the gene transferred by retrovirus is integrated randomly into 
chromosome, but it is probable that the gene is integrated into the specific region in chromosome (AAV-S1 region in 
chromosome 1 9) with high frequency in the case of gene transfer by AAV. The viral gne encoded by AAV (Rep) is pre- 
requisite for gene integration into the specific region in chromosome Since large part of AAV gene is deleted in the AAV 
vector presently used, specific integration mechanism into chromosome Is deleted. Due to the reason that however, as 
the length of sequence added with mutant k»P site and wild-type laxP site is less than 1 00 bp, rt is possible to construct 
the virus, to which two loxP sites are inserted and retains whole viral gene of AAV. The insertion site of IcocP site is pref- 
erably just inside of the inverted terminal repeat (ITR) located both ends of AAV gene As a result of administration of 
AAV inserted with two loxP sites Into human, two IcxP sites can be Integrated Into chromosome. 
[0048] Further, a pharmaceutical preparation containing circular DNA. to which the objective gene is inserted 
between wild-type toxP site and mutant kwP site and Cre protein or DNA molecule encoding Cre gene are adminis- 
tered, then AAV gene between two kwP sites located in the chromosome is deleted and replaced by the objective gene. 
Administration of circular DNA and Cre protein or ONA molecule encoding Cre gene as pharmaceuticals into human 
cells can be made by a method using vectors used for conventional gene therapy such as virus vector and liposome 
vector. 

(0049] In the human cells integrated the objective gene into chromosome as such, wild-type loxP site and mutant 
loxP site are located in both end of the objective gene, and only ITR of AAV is located outside thereof, there is no struc- 
tural gene of AAV. consequently proteins derived from AAV do not express nor become antigen, and it is expected that 
the expression of the objective gener continue tor a tang period stably. If the integrated gene is no more necessary, the 
gene can be deleted from the chromosome by administration of circular DNA which has no gene between wild-type loxP 
site and mutant k»P site. Further, if it become necessary to integrate a gene into the chromosome again, since two loxP 
sites remain on the chromosome, any gene can be integrated by a method described hereinbefore. As explained. DNA 
having mutant loxP site of the present invention can be used as pharmaceuticals tor gene therapy, by which integration 
of gene into chromosome and excision therefrom can freely be performed. 

[0050] In case that DNA having mutant loxP site of the present invention is used as pharmaceuticals, transduction 
of the said DNA into cells can be made by means of virus vector and others (Nikkei Science, April. 1994. pp 20-44. 
Monthly Pharmaceuticals. 36(1): 23-48. 1994. and cited references therein). Any means can be used in the present 
invention. 

[0051] Examples of transduction using virus vector are methods tor inserting DNA containing mutant toxP site of 
the present invention or corresponding RNA into viruses such as retrovirus, adenovirus, adeno-associated virus, her- 
pesvirus, vaccinia virus, pdtavirus, RNA viruses such as sindbis virus and the like. Among them, methods using retro- 
virus, adenovirus and adeno-associated virus are most preferable. 

[0052] Examples of other method for transduction are liposome, lipofecSn, micro injection, calcium phosphate 
transfectton. electroporatton and gene gun. and the liposome is most preferable. 

[0053] In the practical application of DNA having mutant toxP site of the present invention as pharmaceuticals, in 
vivo method, in which the said DNA is directly injected into body and ex vivo method, in which some kind of cells are 
collected from human body and the said DNA is transduced into the said cells in vitro, then the cells are returned to the 
body, are known (Nikkei Science, 1994 April, pp 20-45. and Monthly Pharmaceuticals, 36(1): 23-48. 1994. and cited ref- 
erences therein). In the pharmaceuticals of the present invention, any method can be selected and applied depending 
on diseases tor treatments and target organe 

[0054] In case that the pharmaceuticals of the present invention are administered in vivo, suitable adrnnstratjon 
route can be selected tor administration considering disease for treatments and target organs. For example, adminis- 
tration can be made intravenously, intraarterialy. subcutaneously or intramuscularly, or directly administered into organs 
ol diseases such as kidneys, liver, lungs, brain and nerves. 

[0055] Administration ex vivo can be made according to the conventional methods that human cells (tor example 
lymphocytes and hematopoietic stem cells) are collected, and pharmaceuticals of the present invention are sensitized 
with them tor gene transduction, then the cells are returned into human body. 

[0056] In case that in vivo methods are selected, various pharmaceutical formulations (for example solutions) can 
be used, and generally injection containing DNA having mutant toxP site as an active ingredient is applied. If necessary, 
conventional carrier can be added. Such the injections can be prepared by conventional methods. For example, after 
DNA having mutant loxP site is dissolved in suitable solution (for example, steriled water, buffer, saline, and the like), 
the solution is f Stored for sterilization then filled in aseptic vessels. In replace of DNA having mutant loxP site, virus vec- 
tor inserted with DNA containing mutant toxP site can be formulated. Further, liposome (or HJV-liposome) encapsulated 
with DNA having mutant taxP site can be a formulation of liposome preparation such as suspension, freezing prepara- 
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tion and centrifugal concentrated freezing preparation. 

[0057] Contents otDNA having mutant kaP site can be formulated depending upon type of diseases for treatments, 
target organs, age of patients and body weight, and are 0.0001 mg - 100 mg. preferably 0.001 - 10 mg. as conventional 
DNA having mutant loxP site, and are administered once within several days to several months. 
[0058] The above explained are method of gene repi«»mert using two loxP sites ind^ 
type loxP site and mutant loxP site or a combination of mutant toxP site 1 and mutant totP site 2. Application area for 
gene replacement can be extended by using more than three loxP sites having different substrate specificities. Exam- 
pies of a combination of three kaP sites having different substrate specificities are the combination of wild-type loxP 
site and two mutant loxP sites or the combination of three mutant loxP sites. A method in case that three different loxP 
sites including wild-type kaP site, mutant loxP site 1 and mutant tor? site 2 are existed on the identical DNA is 
explained. DNA (a) having wild-type loxP site / gene A / mutant KaP site 1 / gene B / mutant loxP site 2. in this order, 
and circular DNA (b) having wild-type kaP site / gene C / mutant kaP site 1 are reacted in the presence of ricombinase 
Cre. then gene A in DNA (a) can be replaced by gene C. Contrary to that instead of the circular DNA (b), DNA (c) hav- 
ing mutant kaP she 1 / gene D / mutant loxP site 2 and DNA (a) are reacted in the presence of ricombinase Cre, then 
gene B in DNA (a) can be replaced by gene D. Namely, it is possible to replace a desired gene among multiple genes 
in DNA (a) with the optional gene by using onty different circular DNA 

[00591 Concrete examples of gene replacement using mutant loxP site of the present invention are explained. In 
the all following embodiments, the mutant kaP site, in which a base at position 2 in the spacer region is substituted from 
T to C and a base at position 7 is substituted from O to A (SEQ ID NO: 26). is used as a mutant loxP site. 

(1) Replacement of gene in adenovirus genome 

[0060] Example of replacing gene is E. coti lacZ gene. A lacZ gene on the circular DNA molecule is inserted 
between wild-type loxP site and mutant kaP site in adenovirus genome. Effectiveness of mutant kaP site of the present 
invention can be confirmed by this system. 

[0061] At first, adenovirus to be gene replaced, i.e. adenovirus for target was constructed. Namely, we constructed 
recombinant adenovirus (AxCALwM). in which CAG promoter / wild-type kaP site / mutant loxP site / poly(A) sequence 
was inserted in the left direction for transcription (reverse direction of transcriptional direction for adenovirus E1 gene) 
in the E1 gene deletion site of adenovirus type 5. in which E1 gene and E3 gene were deleted. CAG promoter herein 
used is a high expression vector disclosed in Japanese Patent Unexamined Publication No. Hei 3-168087. 
[0062] Circular DNA molecule, in which lacZ gene was inserted between the wild-type kaP site and the mutant loxP 
site may optionally be transduced into cells directly by transection as plasmid DNA having structure of wild-type loxP 
site / lacZ gene / mutant kaP site. However, gene transfer efficiency into cells by the transfection was only several tens 
per cents and the objective gene could not transducted into all of cells, consequently a method by Cre-dependerri intra- 
cellular formation of circular DNA using adenovirus vector was applied and as a result circular DNA could be trans- 
duced into almost all cells. To that end. we constructed recombinant adenovirus (AxALZMOL). in which poly(A) 
sequence of thymidine kinase (TK) gene of herpes simplex virus / wild-type kaP site / lacZ gene / mutant kaP site / on 
and polvtA) sequence of SV40 / wild-type kaP sequence were inserted into E1 gene deletion site of adenovirus type 5 
in the left direction of the transcriptional direction. The thus constructed recombinant virus AxALZMOL is designated as 
adenovirus for donor. Recxxnbination can occur between two wild-type loxP sites by an action of Cre protein on AxALZ- 
MOL and circular DNA molecule having a structure of wild-type kaP site / lacZ gene / mutant loxP site / ori and poly(A) 
sequence of SV40 was generated. Pofy(A) sequence of TK Igene was inserted for preventing of the transcription of lacZ 
gene from unidentified promoter derived from adenovirus. Cre protein was supplied by using recombinant adenovirus 
AxCANCre expressing Cre (Kanegae et al., Nucleic Acids Res.. 23: 3816-3821. 1995). 

[0063] Experiment on replacement (insertion) on gene in adenovirus genome was conducted using these ttiree 
reoorinanta^ruse^ 

Cre expressing Cre were simultaneously infected in animal cultured cells (CV-1 cells or COS-1 cells). Both adenovirus 
for donor AxALZMOL and generated circular DNA molecule have lacZ gene, but have no promoter, consequently lacZ 
gene can not be expressed. The lacZ gene can only be expressed when lacZ gene in the ^ DNA rnolecule « 
inserted into the downstream of CAG promoter in adenovirus AxCALwM for target. ..a between wild-type kaPsrte and 
mutant kaP site. Consequently, expression of lacZ gene is the obvious evidence for actual gene replacement (in this 



[0064] There were no cells expressed lacZ gene when cells were infected with each of the above three viruses 
alone or with combinations of two viruses among them. The expression of lacZ gene was observed clearly when cells 
were simultaneously infected with these three viruses, furthermore ratio of cells expressing lacZ gene was irweased 
dJerSg on aSnt of adenovirus for donor ar*J at maximum 90% of ^^J^^*^?^ 
results showed that lacZ gene on adenovirus for donor was inserted with very eff oentJy between wild-type kaP ate and 
mutant kaP site in adenovirus for target through the formation of circular DNA molecule, namely occurrence of gene 
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(2) Replacement of gene in chromosome of animal cells 

5 [0065] Following experiments were conducted in order to show the tact that not only gene on adenovirus but also 
gene on chromosome of animal cells can be replaced effectively. Principles of the experimental system are same as in 
(1 ). In order to obtain cell Ones (target cells) to be replaced by a gene. CV-1 cells were transfected with the plasma con- 
taining DMA bearing a structure of CAG promoter / wad-type toxP site / hygromycin B resistant gene/ mutant loxP site 
/ pory(A) sequence, then rr/grwrrycrn resistant cell lines, inserted with only single copy of DNA bearing the above struc- 

io tore in a cell, were established 

[0066] These cell lines were simultaneously infected with adenovirus AxALZMOL for donor and Cre expressing 
adenovirus AxCANCre. As a result although there were no lacZ gene expressing cells infected with adenovirus for 
donor or Cre expressing adenovirus alone, however. lacZ gene expressing cells were observed with high frequency 
when cells were doubly infected with these viruses. Proportion of lacZ gene expressing cells were different depending 

rs on cell lines used, and lacZ gene were expressed at maximum approximately 30% of cells. Since cloning of cells did 
not perform in this experimental system, proportion of cells expressing lacZ gene shows directly ratio of gene replace- 
ment on the chromosome. Consequently, the above result indicates that gene replacement on the chromosome of ani- 
mal cells can be performed with very high efficiency by using the toxP site of the present invention. 
[0067] The present invention will be explained in detail by showing examples as a part of the present invention. The 

x present invention is not limited by these examples and conventional modification in the technical field of the present 
invention can naturally be applied to the present invention. Various operations and treatments on phages, plasmids. 
DNA E. coli and cultured cells in examples were performed, if not specified, according to methods described in "Molec- 
ular Cloning. A Laboratory Manual. T. ManiatJs et al. Ed.. 2nd Ed. (1989). Cold Spring Harbor Laboratory. 



is Example 1 

(1) Preparation of cell extract containing recombinase Cre 

30 

[0068] Following operations were performed in order to obtain cell extract containing Cre for use of recombinase 
Cre dependent recombination reaction. 293 cells (cell line derived from human fetal Kidney) in a 225 cm 2 flask were 
infected (37»C. 1 hour) with approx. 1 X 10 9 PFU of Cre expressing recombinant adenovirus vector AxCANCre 
(Kanegae et al.. Nucleic Acids Res.. 23: 3816-3821 , 1995). Medium (DMEM medium, containing 5% FCS) was further 

35 added thereto, and cultured for 24 hours. After cultivation, cell suspensions were centrituged by low speed centrifuge 
at 1 000 rpm for 5 minutes, and the cuttured supernatant was discarded to collect cells. Cells were suspended by adding 
5 ml of storage buffer [50% glycerol / 20 mM Tris-HO (pH 7.5) / 300 mM NaCI / 1 mM EDTA (pH 7.5)]. sonicated using 
closed type sonicator at 200W for 2 minutes (30 sec. X 4) and released intracellular Cre protein. The thus obtained cell 
sonicated fluid was centrituged by using micro centrifuge at 15000 rpm for 10 minutes, and the supernatant was stored 

40 in freezing (-SO'C). 

(2) Preparation of synthetic DNA containing mutant loxP site 

[0069] Synthetic DNAs consisting in each of 52 bases, in which 8 bases of the spacer region in the wild-type toxP 
45 site were substituted in one base or simultaneously two bases by other bases, were prepared. Types of the synthesized 
DNA were. 24 types for one base mutation and 29 types tor two bases simultaneous mutation, and respective sense 
strand and antisense strand were synthesized. Structure of synthetic DNA of wild-type loxP site is shown in Rg. 1 
(sense strand: SEQ ID NO: 55, antisense strand: SEQ ID NO: 56). The sequences of mutant toxP sites (sense strand 
and antisense strand) are shown in Rg. 2 - Fig. 5. The sense and antisense strands of the wild-type loxP site are not 
so completely complementary sequences. These were designed that when each strand was annealed to prepare double 
stranded DNA 4 bases were respectively protruded at 5' end to form the digestion fragments of restriction enzymes 
Xbal and Xhol. To this end. these double stranded DNA can be ligated with digestion fragments of restriction enzymes 
Xbal and Nhel in Xbal fragment side and digestion fragments of restriction enzymes Xhol and Sail in Xhol fragment 

ss [O^^lrttoe single stranded synthetic DNAs were Wnased at 5' end with T4 polynucleotide kinase, and sense 
and antisense strands corresponding to respective mutations were annealed. These double stranded synthetic DNA is 
hereinafter designated as mutant loxP synthetic DNA. 
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(3) Preparation of substrate DNA containing two mutant loxP sites 

[0071] Following operations were conducted in order to obtain substrate DNA containing mutant toxP site with iden- 
tical sequence in both ends of linear DNA. 

[0072] Plasmid pBR322 was doubly digested with restriction enzymes Nhel and Sail, and ligated with each of 
twenty-four mutant loxP synthetic DNA (single-base substitution) by T4 DNA ligase (plasmid : synthetic DNA, molar 
ratio 1 : 6) and digested doubly by restriction enzyme Xbal and Xhol. Mutant toxP synthetic DNA, which is bound with 
plurally both ends of pBR322 DNA. is deleted by the restriction enzyme treatment and the linear DNA. apprcx 4.1 Kb, 
in which two mutant toxP synthetic DNAs, having identical sequence are ligated at the both ends of pBR322 DNA is 
produced. Unreacted and restriction enzyme digested mutant loxP synthetic DNA were removed by using GEAN- 
CLEAN II (FunakcsM he.) to obtain the linear DNA (apprcx 4.1 kb) ligated with mutant loxP site at the both ends, which 
is used in the following reaction as substrate DNA 

(4) Cre dependent recombination reaction between two mutant tax? sites 

[0073] It was examined whether Cre dependent recombination reaction between two mutant loxP sites occurs or 
not by the following assay method. 

[0074] Substrate DNA (1 ug) prepared in (3) and cell extract containing Cre (10mI) prepared in (1) were incubated 
at 37°C tor 30 min in a 50ul volume of buffer containing 50 mM Tris-HCI (pH 7.5) / 1 0 mM MgCI2 / 1 mg/ml bovine serum 
afeumin / 1 mM phenylmethytsulfonyl fluoride (PMSF) / S^g/ml aprotirtin. After completion of the reaction. 45»il of TE 
buffer (pH 8.0) and 5ul of EDTA solution (pH 8.0) were added to the reaction mixture, extracted with phenol/ chloroform 
and with chloroform, followed ethanol precipitation. The recovered DNA was dissolveM in 30ul of TE buffer (pH 8.0) con- 
taining RNase A (20Mg/ml). Half volume thereof was digested with restriction enzyme BsaHI. The DNA bands detected 
by ethidium bromide (EtBr) staining after agarose gel electrophoresis, were analyzed. 

[0075] Before recombination mediated by Cre. restriction enzyme BsaHI digestion of linear substrate DNA (approx. 
4.1 kb) generates four bands of 2.7 kb. 610 bp, 380 bp and 360 bp. On the other hand, as a result of recombination of 
substrate DNA mediated by Cre. a circular DNA of approx. 4.0 kb containing one mutant toxP. and a linear DNA of 
approx. 50 bp consisting of only mutant toxP, are produced. Digestion of these DNA with restriction enzyme BsaHI gen- 
erates four bands of 2.7 kb, 920 bp. 380 bp and 50 bp (refer to Fig. 6). Consequently, since band of 920 bp indicates 
that recombination mediated by Cre has occurred, and bands of 610 bp and 360 bp indicate that recombination medi- 
ated by Cre has not occurred, the ratio of the density of these bands indicates efficiency of recombination reaction. 
Results are shown in Table 1 . 



Cre-dependent Recombination Reacrtons between Wild-type loxP Site and » 
tion) 


Autant loxP Site (Single Base Substrtu- 


SEQ ID NO. 


Synthetic DNA NO 


Mutant loxP Site -Mutant loxP Site 


Wild-type toxP Site • Mutant loxP Site 






Intermerjate 
(970 bp) 


Final Product 
(920 bs) 


Intermerjate 
(970 bp) 


Final Product (920 
bp) 




wild 


1 


9 


1 


9 


2 


#11 


4 
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3 
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#12 
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4 
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4 


#13 
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3 
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#21 
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#22 


4 
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#23 
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5 


9 


0 
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#31 
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7 


9 


0 


9 


#32 
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3 


9 


0 


10 


#33 


6 


6 


9 


0 


11 


#41 


1 


7 


9 


0 
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Table 1 (continued) 



Oe-dependerr 


Recombination Rea 


jtons between Wild-type loxP Site and Mutant loxP Site (Single Base Substitu- 
tion) 


SEQ ID NO. 


Synthetic DNA NO 


Mutant loxP Site 


■Mutant loxP Site 


Wild-type toxP Site 


• Mutant loxP Site 






intermediato 
(970 bp) 


Final Product 
(920 bs) 


Intermediate 
(970 bp) 


Final Product (920 
bp) 


12 


#42 


5 


6 


9 


0 


13 


#43 


5 


6 


• 9 


0 


14 


#51 


1 


9 


7 


1 


15 


#52 


1 


9 


7 


2 


16 


#53 










17 


#81 




8 




3 


18 


#82 




8 




6 


19 


#63 




9 




2 


20 


#71 




7 




1 


21 


#72 


3 


7 




1 


22 


#73 


3 


1 




1 


23 


#81 


3 


3 




7 


24 


#82 


8 


5 




9 


25 


#83 


2 


9 


2 


8 



so [In the table, amounts of reaction intermediates and final products were indicated in 10 grades with 0 - 9. Larger number 
indicated larger amount of production. Amount of final reaction product (density of DNA bands) in case of reaction 
between two wild-type loxP site was set as maximum numeral "9". and in case of no DNA band was detected Oess than 
5% of "9"). the result was set as "0". Details of reaction intermediates win be explained hi example 2-(2).J 
[0076] The recombination efficiencies between two identical mutant kwP sites #11 and between #73 were low. It 

35 was confrmed thai the recombination between other respective identical mutant toxP sites mediated by Cre had 
occurred, although slight differences in the efficiency of recombination are observed depending on their sequences. 



Example 2 

40 Cr^dependent roenmhination between wild-tvoe knP site and mutant loxP site fNo. 1) 
(1) Preparation of substrate DNA containing wild-type loxP site and mutant loxP site 
[1] Construction of plasmid (pBRwt) containing one wild-type loxP site 

[00771 Following operations (a) and (b) were conducted in order to construct plasmid (pBRwt) inserted one w 
type kwP site into plasmid pBR322. 



(a) pBR322 was digested with restriction enzyme EcoNI, blunt-ended with Wenow enzyme ai 
nol/chloroform to denature EcoNI and Wenow enzyme, then the reaction mixture was substituted to TE buffer by 
gel filtration. EcoNI digested pBR322 was ligated with Xhol linker (5'-pCCTCQAQQ-31. doubly digested with 
restriction enzymes Xhol and Pstl. then DNA band of appro*. 2.9 kb was excised from the agarose gel after elec- 
trophoresis. The DNA band was purified using QEANCLEAN II (Funakoshi Inc.) and the DNA fragment of approx. 
2.9 kb having Xhol digested fragment in one end and Pstl digested fragment in the other end was obtained. 

(b) pBR322 was digested with restriction enzyme Nhel, ligated the synthetic DNA (52 bp) containing wild-type loxP 
site and doubly digested with restricti n enzymes Xhol and Pstl. After agarose gel electrophoresis, the DNA band 
of approx. 1.4 kb containing a wild-type I xP site, was excised from the gel and purified using GEANCLEAN II 
(Funakoshi Inc.). The DNA fragment of approx. 1.4 kb; has also Xhol digested fragment in one end and Pstl 
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digested fragment in the other end. 



[0078] After both of DNA prepared in (a) and <b) were ligated, E. coli was transformed to obtain plasmid pBRwt (4.4 
Ms. fig. 7). to which one wild-type loxP site was inserted between Nhel site and EcoNI site of pBR322. 

[2} Preparation of substrate DNA containing wild-type lc*P site and rrutam loxP site 

[0079] Following operations were conducted in order to prepare substrate DNA having wild-type tax? site in one 
end and mutant kwP site in the other end of linear DNA. 

[0060] Sail site was located in a position about 30 bp distance from wild type loxP site in plasmid pBRwt pBRwt 
was digested with restriction enzyme Sail to prepare linear DNA. Sail digested pBRwt was ligated with the mutant loxP 
synthetic DNA (52 bp, 24 kinds), which was the same DNA as of example 1 -{3), (plasmid: synthetic DNA, molar ratio 
1 :6). As a result of this operation. Xhol digested fragment side of the mutant kwP synthetic DNA was Dgated to Sail 
digested site of pBRwt The reaction mixture was doubly digested with restriction enzymes Xbal and Xhol to remove 
mutant toxP sites which were ligated multiple with both ends of pBRwt, further the unreacted and restriction enzyme 
digested mutant kaP synthetic DNA were removed from the reaction mixture using QEANCLEAN II (Funakoshi Inc.). 
The linear DNA (approx. 4.4 Kb, fig. 8). to which a wild-type loxP site in one end and a mutant toxP site in the other end 
were ligated each other, was obtained. This DNA was used in the following reaction as a substrate DNA. 

(2) Cre-dependent recombination between wild-type loxP site and mutant toxP site 

[0081 ] Reaction and analytical method are the same as in example 1 -(4), proviso that the substrate DNA used in 
this experiment was DNA shown in example 2-(1) in place of DNA shown in example 1-(3). 
[0082] In the nucleotide sequence of the wild-type loxP site shown hereinbelow, it is known that the recombination 
between two loxP sites is at first initiated with clevage and relipation between bases at position 7 and 8 in the lower DNA 
strand of the 8-bp spacer region, then terminated by clevage and religation between bases at position 1 and 2 in the 
upper DNA strand. (Que et al. Nature. 389: 40-46. 1997). 



loxP site (34bp) 



12345678 

5 ' -ATAACTTCGTATA ATGTATGC TATACGAAGTTAT-3 • 

3 * - TATTGAAGCATAT TACATACG ATATGCTTCAATA- 5 ' 
Inverted Spacer Inverted 
Repeat Region Repeat 

(13bp) (8bp) (13bp) 



[0083] Consequently, in case that the recombination in the lower DNA strand occurs but the recombination in the 
upper DNA strand does not occur, the result is detected as an intermediate in the reaction. The intermediate was 
detected as a DNA band close to approx 970 bp in the assay system used by us. 

[0084] As previously shown in example 1 -(4) , the DNA band of 920 bp indicates that recombination in both of upper 
and lower DNA strands completed, and the DNA band of 970 bp indicates the reaction stops in the intermediate. 
[0085] Table 1 shows the result of analysis, for which existence of these two bands was specifically noticed. Out- 
lines of result in table 1 are shown hereinbelow (numerals after # are SEQ ID NO of mutant loxP site). 



#11. 12. 13 (SEQ ID NO: 2. 3, 4): reaction proceeded to final stage. 

#21 . 22, 23 (SEQ ID NO: 5. 6. 7): react on stopped in the intermediate and did not proceed t the final stage. 
#31. 32. 33 (SEQ ID NO: 8. 9. 10): reaction stopped in the intermediate and did not proceed to the final stage. 
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#41 . 42. 43 (SEQ ID NO: 11. 12, 13): reaction stopped In the intermediate and did not proceed to the final stage. 
#51. 52. 53 (SEQ ID NO: 14, 15, 16): reaction stopped almost in the intermedial arid very small portion (about 5%) 
proceeded to the final stage. 

#61 , 63 (SEQ ID NO: 17, 19): almost no intermediate was produced and very small portion (5-10%) of reaction pro- 
ceeded to the final stage. 

#62 (SEQ ID NO: 18): almost no intermediate was produced and a portion (5-10%) of reaction proceeded to the 
final ctage (amount of the final product was more than #61 and 63). 

#71, 72, 73 (SEQ ID NO: 20. 21. 22): almost no inter metfiate was produced and very small part of reaction pro- 
ceeded to the final stage (about 5%. final products was less than #61 and 63). 
#81. 82, 83 (SEQ ID NO: 23. 24. 25): Reaction proceeded to the final stage. 

100861 In conclusion, substitution effect of bases at position from 1 to 8 are summarized according to each substi- 
tuted position as follows. 

m The ntutartloxPsrte with substit^^ 

with substitution at the position 2. 3 or 4 hardy react wim wild type loxP sfte; (3) The rrwtart loxP srte w^ 
tution at position 5. 6 or 7 is difficult to react with wild type loxPsrte. but react in some part The alxwe facts become 



[00871 These results indicated that substitution of bases at position from 2 to 5 was qualitatively different from the 
substitution of bases at position 6 and 7. and that in the former, the reaction stopped at the intermediate stage, and in 
the latter, the first step of the reaction was markedly inhibited. 

[0088] Further, according to the resutt of assay method by us. it has become dear that mutant loxP ate (corre- 
sponding to #71). which was reported that no specific DNA recombination occurred with wild-type loxP site (Hoess et 

al.. Nucleic Acids Res.. 14: 2287-2300, 1986). did not lose reactivity with the wild-type lootP site, and r( ► 

occurs at about 5% of frequency. 



Cra-dBoendent recombini 



(1) Preparation of substrate DNA containing a wild-type toxP site and a mutant toxP site 

[0089] Following operations were conducted in order to obtain substrate DNA used for detecting the Cre-depandent 
recombination between wild-type toxP site and mutant loxP site by more sensitive assay system than the assay system 
s land 2. 



[1] Construction of plasmid (pBLAmutant) containing a wild-type loxP site and a mutant loxP site 

10090] Following operations were conducted in order to construct plasmid. in which DNA fragment derived from 
adenovirus type 5 was Boated with a linear DNA fragment of approx. 4.4 Kb which was ligated with a wild-type taxP site 
and a mutant loxP site in both ends of pBR322. „,„ 
[0091] A cosrrid vector pAxcw, to which almost Ml length DNA fragment of adenovirus type 5 except for El and E3 
genes was inserted (Japanese Patent Unexamined Publication No. Hei 8-308585, page 15). was doubly digested with 
restriction enzymes Xbal and Xhol. The. digested reaction mixture was subjected to agarose gel electrophoresis and a 
DNA band of approx 3.8 Kb. was excised from the gel. then purified using QEANCLEAN II (FunakosW Inc.). This DNA 
fragment of 3.8 Kb was (gated with the linear DNA fragment (approx. 4.4 Kb as prepared in example 2-(l )-f2]). in which 
a wild-type kaP site was ligated in one end and a mutant loxP site was ligated in ihe other end. men E. coO was trans- 
formed to obtain plasmid pBLAmutant (85 Kb. Fig. 9). The plasmid pBLAmutant is a general term of plasmid treated by 
the above operation. Actually, plasmids having one of mutant kwP site corresponding to #11, #21. #22. #23. #31. #41. 
#51 . #61 , #71 . #71 , #73 or #81 in table 1 and a wild-type loxP site were constructed. 

[2] Preparation of substrate DNA containing a wild-type kaP ate and a mutant loxP site 

[0092] Following operations were conducted in order to prepare linear DNA fragment containing a wild-type loxP 
site and a mutant toxP site from plasmid pBLAmutant used for substrate for Cre^epend^ roxxnbm^ 
[0093] Plasmid pBLAmutant. in which an uniqu restriction enzyme Ncol site was located in the region of inserted 
adenovirus genome, was digested with restriction enzyme Ncol to prepare linear DNA fragment The digested reaction 
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mixture was subjected to agarose gel electrophoresis, and a DNA band of appro*. 8.2 to 

purified using GEANCLEAN II (Funatoshi Inc.). This linear DNA of 8.2 Ms. was used as substrate n the following reac- 



(2) Ore** 



a wild-type loxP site and a mutant loxP site 



rnrwai To examine the efficiency of recombination mediated by Cre. the above described substrate DNA and the 
Sn miLts^rexar^-S). were incubated at 37>C tor 30 minutes. After completion of the reacm 45ul 
8^ S^TedTA solution (pH 8.0) were added to the reaction mixture, extracted with phenoUchJo- 
JJ^nTiSE M^S^^P^I^- The recovered DMA was dissolved in 30uJ of TE buffer (pH 
TT^^S^^^^^^^ jested with restriction enzyme Oral. The product was 
ISS?^^ stained with ettdium bromide (EtBr). and detected DNA bands were ana- 

,y2ed ' rvu» i „„, , «~ ,ajK»rat« since two Dral sites are located between wild-type toxP site 

reaction intermediate explained in example 2<2) was detected as a DNA band of several tens Kb in the present assay. 
Results are summarized as follows. 

£;££?st^^^ 

«ti ■ oirwvrt no intarmediate was produced, but some portion of react on proceeded to the final stage, 
^^r^em^ 



[00961 According to the above results, rt was found that the tendency of the reaction wassame. even r 

rr^rfman in example 2 was used. Further, even in the mutant loxP site (corresponding to #71). which was 

with the wild-type loxP site was still retained in some part. Furthermore the level of reac- 



and it was reconfirmed that the substitution in #71 was insufficient to lose the reactivrty with "Id-type toxP site. 



ifl m^bsiitwitons. arxj wiKttvpe iwP site 
(1) Cr*dependent recwnbinatton between wild-type loxP site and mutant toxP site 
[1] Preparation of substrate DNA containing a wild-type loxP site and a mutant loxP site 

[0097] Sutxrtrate DNA having wild-type taxP site in one end and mutant loxP she ^ ^er erxl in the linear DNA 
ra^wa^edac^ 
, tvoe loxP srteWbwerted in plasm* pBR322 (described in example 2-0)-[1]). pBRwt ^ d *^~ ™ ^ 
^w^rmZrtloxP £Z *>ubie*ase substitutions (refer to F,g. 4 and Rg. 5). The resulting linear DNA 
fragments were use as substrate DNA. 
[2] Cre-dependent recombination (No. 1) 
S l0098] According to the melthod as shown in example 1-(4). the efficiency of Cr^dependent recombination was 
ned using the substrate DNA prepared m [1]. 
ts are shown in Table 2 (right column). 
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dependent Beoonttnaton t^^^g* " ^ and Mumnt ^ ^ ^ 



DNAMO | Mutant loxP Site* 



Final Product 
(920 bs) 



#2172 
#2173 
#2271 
#2272 
#2273 



#4372 
#4373 



#5272 
#5373 



[tn the table, amounts of reaction 



Morm^iataB and final products were indicated in 10 grades with 0 • 9. Larger nujrber 
' rt l^tiS^ P**uct (density of DNA bands) in case of reacts 
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between two wild-type taxP sites was set as maximum numeral *S*. and in ease of no DNA band was detected (less 
than S% of "9"). the result was set as '0*. As for details of reaction intermediates, refer to explanation in example 2-(2).] 
[0099] In case that mutant toxP site of #6171 was used, the final product (920 bp) was confirmed partially. This 
result showed that recombination with the wild-type loxP site occurred. However, other mutant IcocP sites analyzed, did 
not react entirely with wild-type toxP site, and the reactivity was tower trtan toe case of mutBrtloxP^ 
substitution. 

[3] Construction of piasmid containing wild-type toxP site and mutant taxP site 

[0100] Three types of piasmid pBLAmutant (8.2 kb, refer to Fig. 9) containing both wild-type loxP site and mutant 
loxP site were constructed from mutant taxP synthetic DNA of #21 71 , #2272 and #2373, according to a method shown 
in examples 2-(1)-[2l and 3-0H1]. 

[4] Cre-dependent recombination (No. 2.) 

[0101] After the piasmid constructed in [3] was digested with Nhel. linear substrate DNA fragments (a2 kb) con- 
taining wild-type toxP site and mutant loxP site were prepared according to the method shown in example 3-(i)-[2], 
According to the method show in example 3-(2). the efficiencies of Cre-dependent recombination were examined using 
these substrate DNAs. As a result in all three types of mutant loxP site, both the reaction intermediates and the final 
products were not produced. Namely, it was shown that mutant toxP site with double-base substitutions old not almost 
recombine with wild-type loxP site, and it was indicated that the reaction specificity was further increased as compared 
with a case of mutant loxP site with single-base substitution. 

(2) Cre-dependent recombination between two identical mutant toxP sites 

[1] Preparation of substrate DNA containing two mutant loxP sites 

[0102] In 29 types of mutant toxP sites (refer to fig. 4 and Fig. 5). substrate DNAs containing identical mutant loxP 
site on both ends of linear DNA fragment were prepared according to the method shown in example 1 -(3). The above 
mutant toxP synthetic DNAs were ligated with piasmid pBR322 which was doubly digested with restriction enzymes 
Nhel and Sail, and linear DNA fragments of appro*. 4.1 kb. to which identical mutant loxP synthetic DNA were ligated 
to both ends of pBR322 DNA, were prepared. 

[2] Cre-dependent recombination (No. 1) 

[0103] According to the method shown in exmaple 1-(4). the efficiencies of Cre-dependent recombination were 
examined using the substrate DNAs prepared in (1). Results are shown in Table 2 (left column). Though there were 
mutant loxP site, which did not occur recombination as like #2173 and #2372. it was confirmed that the recombination 
occurs in #2271 , #2272. #3171. #3371. #41 71 . #5171 and #6171 with almost same efficiency as in the mutant taxP site 
with single-base substitution, and in #2171. #2273. #3271 and #4172. about half level of the efficiency in the mutant 
IcxP site with single-base substitution. 

[3] Construction of piasmid containing one mutant toxP site 

[0104] Using mutant toxP synthetic DNA of #21 71 . #2272 and #2373. three types of ptesmids (pBP.21 71 . pBP.2272 
and pBR2373. 4.4 Kb. respectively, refer to Fig. 7). to which a mutant toxP site was inserted between Nhel site and 
EcoNI site of piasmid pBR32Z were constructed according to example 2-(l )-[i]. 

[4] Construction of piasmid containing two identical mutant taxP sites 

[0105] Three types of plasmkfe (pBR2171. pBR2272 and pBR2373) constructed in [3] were digested with restric- 
tion enzyme Sail and Boated with mutant toxP synthetic DNA (#21 71 . #2272 and #2373) having the same sequence «- 
the piasmid. respectively, then three types of plasmids (pBLA2171x2. pBLA2272x2 and P BLA2373x2. each 8.2 kb, refer- 
to Fig. 9) containing two identical mutant toxP sites were constructed according to methods shown in examples 2-0 )- 
[2]and3-(1H1]. 
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[5] Cre-dependert recombination (No. 2) 

[0106] Three types of plasmids constructed in [4] were digested with restriction enzyme Nhel and linear substrate 
DMA {82 kb) containing two identical mutant tocP sites were prepared according to methods shown in example 3-(l)- 
[2]. According to the method shown in example 3-(2). the efficiencies of Cre-dependent recombination were examioned 
using these substrate DNAs. As a result, the efficiency of recombination between two mutant taxP sites #2272 was as 
high as the efficiency of recombination between the wild-type loxP sites. In the rrutamioxP site #21 71. the reaction pro- 
ceeded up to final stage, although in some portion reaction stopped in the intermediate. In the mutant loxP site #2373. 
almost reaction s t opped in the intermediate and did not p h k <wm I to the final stage. 

(3) Examination on Cre-dependent recombination between mutant loxP sites with different sequence 

[1] Construction of pi asm id containing mutant toxP sites with different sequence 

[0107] Plasmas. pBR2171 and pBR2272 constructed in (2)-{3] were digested with restriction enzyme Sail and 
ligated with mutant toxP synthetic DNA with different sequence inserted in the plasmid (pBR2171 was Ogated with 
#2272 or #2373 and pBR2272 was ligated with #2373). then three types of plasmids (pBLA21 71 -2272. pBLA2l 71 -2373 
and pBLA2272-2373. each 8.2 Ms. refer to Fig. 4) containing two mutant loxP sites with different sequence were con- 
structed according to methods shown in examples 2-OH2] and 3-0)-[1]. 

[2] Cre-dependent recombinant 

[0108] Plasmids constructed in [1] were digested with restriction enzyme Nhel. and the linear substrate DNAs (8.2 
kb) containing two mutant loxP sites with different sequence were prepared according to method shown in example 3- 
(1)-[2]. Using this substrate DNA. the efficiency of Cre-dependent recombination was examined according to the 
method shown in example 3-(2). As a result among ail combination of three mutant loxP sites with different sequence 
(#2171. #2272 and #2373). no Cre-dependent recombination occurred. Namely, it was shown that each mutant loxP 
site could not cross react with other mutant kaP site. 

[0109] As the results from (1) to (3). it was shown that the recognition specif icity of the mutant kwP site with double- 
base substitutions was higher than that of the mutant loxP site with single-base substHuion. Namely, the mutant loxP 
site with double-base substitutions could not react with neither wild-type loxP site nor mutant kwP site with different 
sequence. In addition, it was shown that the recombination efficiency between identical mutant kwP sites was as same 
as the recombination efficiency between wild-type loxP sites. Further, it was shown that the position of substitution was 
preferably in combination between one of base among base at position 2, 3, 4 and 5 of the spacer region in kwP site 
and a base at position 7, and even the position of su bs tit u tio n was same, reactivity and reaction specificity are different 
depending on a kind of base to be substituted. As a result, examples of the mutant loxP site used in the present inven- 
tion are preferably #2171 (SEQ ID NO: 26). #2271 (SEQ ID NO: 29), #2272 (SEO ID NO: 30). #3171 (SEO ID NO: 35). 
#3371 (SEQ ID NO: 39). #4171 (SEO ID NO: 42). and #5171 (SEQ ID NO: 49). 

Example 5 

Construction of plasmid and co smid vector required for replacement of oene inserted between wild-tvoe loxP site and 
pmtant loxP srts 

(1) Construction of plasmid and cosmid vector for target in gene replacement 

[1] Construction of plasmid (puLwL) having cloning site between two wild-type toxP sites 

[0110] Plasmid puLL is a plasmid in which two wild-type loxP sites are inserted with the same direction into the 
restriction enzyme Ect136ll site of plasmid pUCl 19 (Kanegae et al.. Nucleic Adds Res.. 23: 3816-3821 , 1995). Follow- 
ing operations were conducted, in order to replace the cloning site between two loxP sites from restriction enzyme Nrul 
site to Swal site in plasmid puLL 

[01 1 1 ] pull was digested with restriction enzyme Noil, and ligated with Swal linker (5'-pOA7TTAAATC-3', SEQ ID 
NO: 61). then again digested with Nrul. Repeated digestion of Nrul was performed tor removing plasmid, in which Nrul 
site was regenerated without Ugatjng Swal linker. After transformation of E. coli with the reaction mixture, plasmid 
puLwL (3.3 kb, A in Fig. 1 1) having Swal site as a cloning site between two wild-type toxP sites was obtained. 
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[2] Construction of plasmid (putJwM and puMwL) having doning site (Swal site) between wild-type laxP site and mutant 
IokP site 

[0112] Following operations (A) and (B) were performed In order to construct two types of plasmids. in which one 
5 of two wild-type toxP sites in piasmid puLwL was replaced by mutant loxP site. Plasmid puLwM (Bin Fig. 11) is a pias- 
mid. in which wM-type kstP site in the left side of puLwL shown in the same figure is replaced by mutant loxP site, and 
plasmid puMwl_{C in Fig. 1 1) Is a plasmid. in which wild-type kaP site in the right side is replaced by mutant toxP site. 
In this experiment as for example of mutant kwP site, a mutant sequence of #21 71 (SEQ ID NO: 26), in which bases 
at position 2 and 7 in the spacer region of wild-type laxP site were simultaneously mutated, was used. Mutant taxP site 
io in the following examples is the 6ame as this sequence. 

(A) Construction of puLwM 

[0113] puLwL was digested with restriction enzyme Xhol. and ligated with synthetic DMA of 60 bp, containing 
is mutant loxP site (Fig. 12. upper strand. SEQ ID NO: 57 and lower strand SEQ ID NO: SB), after transformation of E. coli. 
plasmid puLwM (3.3 kb) bearing Swal site between wOd-type loxP site and mutant tad* site was obtained. Further 
nucleotide sequence of synthetic DNA part in plasmid puLwM was determined to confirm that wild-type kwP site and 
mutant loxP site were inserted as intended. Since synthetic DNA used was designed to have the Xhol digested frag- 
ment in one end and Sail digested fragment in the other end. Xhol she in the wild-type toxP site of the plasmid puLwM 



[01 14] puLwL was digested with restriction enzyme MM. and ligated with synthetic DNA of 60 bp containing mutant 
is loxP site (Fig. 13. upper strand SEQ ID NO: 59 and lower strand SEQ ID NO: 60). after transformation of E. coli. plasmid 
puMwL (3.3 kb) bearing Swal site between wild-type loxP site and mutant loxP site was obtained. Further, as same as 
the case of the plasmid puLwM. nucleotide sequence in the synthetic DNA part was determined and confirmed the 
exact insertion. Since synthetic DNA used was designed to have the Mlul digested fragment in one end and BssHll 
digestied fragment in the other end. Mlul site in the wild-type knP site of the piasmid puMwL was deleted. 

30 

[3] Construction of plasmid (pCALL) inserted with two wild-type k»P sites into the cloning site of the CAG promoter 

[01 1 5] Following DNA were prepared In order to obtain plasmid. to which two wild-type taxP sites were inserted 
between the promoter and poryfA) sequence in CAG promoter. The CAG promoter herein is disclosed in Japanese Pat- 
35 errt Unexamined Publication No Hei 3-168087 as a high expression vector 

(a) Plasmid pCAGw (Japanese Patent Unexamined Publication No. Hei 8-84589, page 10). in which cloning site of 
plasmid pCAGGS (Nrwa et al.. Gene. 108: 193-200, 1991) containing CAG promoter was replaced from EcoRI site 
to Swal site, was digested with restriction enzyme Swal to obtain a linear DNA fragment 
*o (b) Plasmid puLL (described in [1]) was doubly digested with BamHI and EcoRI. and both ends were blunted with 
Wencw enzyme, then subjected to agarose gel electrophoresis to obtain DNA fragment of apprax. 1 00 bp. contain- 
ing two wild-type laxP sites. 

[0116] DNA fragments of both (a) and (b) were ligated. and the ligation mixture was digested with restriction 
« enzyme Swal. then E. coli was transformed to obtain plasmid pCALL (4.9 kb). 

[4] Constnidion of rjlasrrtid (rX^ 



[0117] 

so pCAI± from restriction enzyme Nrul site to Swal site. 

[0118] pCALL was digested with restriction enzyme Nrul. and ligated with Swal linker (S-pGATTTAAATC-S', SEQ 
ID NO: 61). and again digested with restriction enzyme Nrul. Reason for repeated digestion with Nrul is same as in [1]. 
E. coli was transformed by reaction mixture to obtain plasmid pCALwL (4.9 kb, D in Rg. 14) having Swal site as a clon- 
ing site between two wild-type loxP sites in the CAG promoter. 

55 

[5] Construction of plasmid (pCALwM) inserting wild-type toxP site and mutant loxP site into the CAG promoter 

[01 1 9] Following operations were performed in order to obtain plasmid, in which one of wOd-type loxP sites in ptas- 
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mid pCALwL is replaced by mutant taxP srte. 

(a) Plasma pCALwL was doubly digested with restriction enzymes MIul and Xhol, and DMA fragment of approx. 
4.8 kb without containing wild-type loxP site was recovered after agarose gel electrophoresis. 
5 (b) Plasma puLwM was doubly digested with restriction enzymes MIul and Xhol. and DNA fragment of 1 00 M> con- 
taining both wild-type IcxP site and mutant loxP site was recovered after agarose gel elec tr op h oresis. 

[0120] After ligation of both DNA fragments prepared in (a) and (b). E. cdi was transformed to obtain plasma 
pCALwM (4.9 kb, E in Fig. 14). pCALwM is a piasmid having structural component of promoter / wild-type loxP site / 
io Swal site (cloning site)/ mutant kaP site /polytA) sequence. 

[6] Construction of cosmid vector (pAxCALwM) tor generation of recombinant adenovirus 

[0121] Following operations were performed in order to con st ruct cosmid vector, to which a part from promoter to 
is potyfA) sequence in piasmid pCALwM prepared in [5] was inserted. Construction of cosmid vector was conducted 
according to known methods (Miyake el al. Proc. Natl. Acad. Sd, 93: 1320-1324. 1996 and Japanese Patent Unexam- 
ined Publication No. Hei 7-298877). 

(a) Cassette cosmid pAxcw (Japanese Patent Unexamined Publication No. Hei 8-308585. page 15). to which 
x almost fun length of adenovirus type 5 DNA except for E1 and E3 gene was inserted, was digested with restriction 

enzyme Swal. 

(b) Piasmid pCALwM was simultaneously digested with restriction enzymes ApaLI. Hindu and Hincll. then both 
ends were blunted with Klenow enzyme, and the reaction mixture was subjected to the agarose gel eiectro-phore- 
sts to recover the DNA fragment of approx. 2.4 kb. 

as 

[0122] After ligation of both DNA fragments prepared in (a) and (b), an aliquot of reaction mixture was packaged 
using lambda in vitro packaging kit (Qigapack XL, Stratagene Corp.), and the reaction mixture was infected to E. coii. 
then cassette cosmid pAxCALwM (44.9 kb) was obtained. 

so (2) Construction of piasmid fa target in gene replacement 

[1] Construction of piasmid (puLZM) inserting lacZ gene between wild-type loxP site and mutant loxP site 

[0123] Following operations were conducted in order to obtain piasmid inserting E. ooO lacZ gene between wikJ- 
» type toxP site and mutant loxP site in piasmid puLwM (described in (1)-{2]). 

(a) Piasmid puLwM was digested with restriction enzyme Swal, and linear DNA fragment was recovered after aga- 

(b) Piasmid pSPJacZ (Miyake et al.. Proc. Natl. Acad. Set., 93: 1320-1324, 1996) was doubly digested with restric- 
40 tion enzyme Sail and Pstl, and the both ends were blunted with Klenow enzyme. DNA fragment of approx. 3.1 kb 

containing lacZ gene was recovered after agarose gel electrophoresis. 

[0124] After ligation of both DNA fragments prepared in (a) and (b) and digestion with restriction enzyme Swal. E. 
cos was transformed, and then piasmid puLZM (6.4 kb. Fin Fig. 15) was obtained. 

45 

[2] Construction of piasmid (puMOL) inserting replication origin (on) and poty(A) sequence of SV40 between wild-type 
loxP site and mutant loxP site 

[0125] Following operation were conducted in order to obtain piasmid which was inserted replication origin (ori) and 
so pofy(A) sequence of SV40 between wild type loxP site and mutant loxP site in piasmid puMwL 

(a) Plasma puMwL (described in (1H2D was digested with restriction enzyme Swal. and linear DNA fragment was 
recovered after agarose gel electrophoresis. 

(b) Plasma pCAGGS (described in (1)-(3D was digested with restriction enzyme BamHI and both ends were blun- 
ts tea with Klenow enzyme, and then DNA fragment of approx. 340 bp containing ori and p6y(A) sequence of SV40 

was recovered after agarose get electrophoresis. 



[0126] After ligation of both DNA fragments prepared in (a) and (b) and digestion with restriction enzyme Swal. and 
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E cofi was transformed, and then ptasmri puMOL (3.6 kb, G in Fig. 15) wi 

i!*Srl^ 



i'i tL^^^T ^asestad *» restriction enzymes Nhel and Xhol. and the DNA fragment of approx. 
6.4_kb oontonms iwikJ-type toxP ste and lacZ gene was recovered after agarose gel electroprxxesis. 



" '"l 281 ^^l!^ 00 <* ^ DNA ^S" 1 ^ P***"* 1 in and (b) and digestion with restriction enzyme Swal, E. 
coB was transformed, and then plasmid puLZMOL (6.8 Md, H in Fig. 16) was obtained. 



[0129] Following operations were conducted in ordef to construct plasmid, to which poly(A) sequence of thvtnidine 
kinase (TK) gene of herpes simplex virus type 1 (HSV-1) is inserted into plasmid puLZMOL 

(a) Following operation was conducted in order to obtain the DNA fragment, in which plasmid puLZMOL was 
deaved once at the position of the 5-upstream site of wild-type loxP site located S'-upstream region of lacZ gene. 
puLZMOL was digested with restriction enzyme Smal and then digested with restriction enzyme Kpnl. Linear DNA 
fragment of approx 6.8 kb was recovered after agarose gel electrophoresis. 

(b) Plasmid pTK is a plasmid. in which BamHI digested fragment of approximately 3.6 kb containing TK gene of 
HSV-1. was inserted into BamHI site of pBR322 (M. Wigler at al.. Cell. 14. 725-731. 1978). PolyfA) sequence of 
approximately 320 bp in TK gene can be excised by digesting pTK with restriction enzymes Smal and Ncol Fol- 
lowing operator was conducted in order to convert the ends of excised DNA fragment to Smal and Kpnl sites 
^^^J^^^^J^ 0 " enZyme both ends were blunted with Wenow enzyme After 
hgabon wrth Kpnl linker (5'-pGGGTACCC-31 the reaction mixture was digested with restriction enzyme Kpnl and 
then digested with restriction enzyme Smal. The DNA fragment of approx. 320 bp containing poMA) seouence of 
TK gene was recovered after agarose gel electrophoresis. ^ 

unf^, , JOI*- "V*™ 0,brthDNA fraflment8 in < a > W. E. coli was transformed, and plasmid puALZ- 

MOL (7.1 kb. I .n Rg. 16) was obtained. puALZMOL is a plasmid having structural ctxrponent of polyfA) seouence of 
TKoene/wild-typekixJ' site/la^ 

son for insertion of poly(A) sequence of TK gene is not to occur the transcription of lacZ gene from unidentified pro- 
moter derived from adenovirus located in the upstream of insertion site, when recombinant adenovirus containino a 
series of above genes is generated. 

[5] Construction of cosmkj vector (pAxALZMOL) to 



[ °^ 1 l^, f ?"T n0 "P* 8 * 0 " wa8 COnAx:ted inor0wto ««*«t cosmkf vector, in which genes inserted in plasmid 

10132] Plasmid puALZMOL was simultaneously digested with restriction enzymes Xbal, Xhol and Oral, and the 
both ends were blunted with Wenow enzyme, the reaction mixture was subjected to agarose get electrophoresis, and 
then the DNA fragment of approx 4.5 kb was recovered. This DNA fragment and cassette cosmid pAxcw digested wrth 
restriction enzyme Swal (prepared in (1) - (6D were boated, and digested with restriction enzyme Swal. and an aliquot 
of the reaction mixture was packaged using lambda in vrtro packaging kit (Qigapack XL. Stratagene Inc.) and the reac- 
tion mixture was infected to E. coli. and then cassette cosmkj pAxALZMOL (46.7 kb) was obtained 
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(1) Generation of the re 



it adenovirus (AxCALwM) for target m gene replacement 



[0133] Following operation was conducted in order to generate a recombinant adenovirus, in which promoter / wild- 
type IcocP site/ Swal site (cloning site) / mutant loxP site / porrfA) sequence, was inserted into E1 gene deletion site in 
a replicatiorvdeficient adenovirus vector (deletion of E1 and E3 genes). Generation of recombinant adenovirus was per- 
formed according to a known method (Miyake d al.. Proc. Natl. Acad. Sci.. 93: 1320-1324. 1996 and Japanese Patent 
Unexamined Publication No. Hei 7-298877). 

10134] The viral DNA-termind protein complex of Ad5<HX having an E3 deletion (L Sarto et al.. J. Virol., 54: 71 1- 
719, 1985). which is a strain derived from human adenovirus type 5, was digested with restriction enzyme EcoT22l. 293 
cells were transferred with the viral ONA-terminal protein complex and cosrrtd vector pAxCALwM constructed in exam- 
ple 5-0M61 by the calcium phosphate cor^ecirjrtation method. After the cloning end the selection of generated recom- 
binant adenoviruses, the desired recombinant adenovirus AxCALwM (Fig. 17) was obtained. This recombinant 
adenovirus was subeultured and purified from 4th or 5th seed of virus stock with high titer by CsCJ density-gradient cen- 
trifugation (Y. Kanegae et al.. Jon J. Med. Sci. Bid.. 47: 157-166. 1994). The resulting purified adenovirus will be used 



(2) Generation of recombinant adenovirus (AxALZMOL) for donor in gene replacement 

[0135] Following operation was conducted in order to generate a recombinant adenovirus, in which pory(A) 
sequence of TK gene / wild-type loxP site / lacZ gene / mutant loxP site / ori end poly(A) sequence of SV40 / wild-type 
loxP site, were inserted into E1 gene deletion site in a repfcatiorKJefeient adenovirus vector (E1 and E3 genes were 
deleted) 

[0136] 293 cells were transferred with restriction enzyme EcoT22l digested viral DNA - terminal protein complex of 
Ad5<JIX and cosrrdd vector p AxALZMOL constructed in example 5-(2)-[5] by the calcium phosphate copredpitation 
I recombinant adenovirus AxALZMOL (Fig. 17) was obtained by means of the same method as 
adenovirus was also purified from 4th or 5th seed of virus stock by Csa densrty-grarJentcen- 



(1) Construction of a cell fine for gene replacement expressing liygromycin B resistant gene 

[1] Construction of desrrid (pCALwMds) for reporter gene insertion having ctoning site between wild-type loxP site and 
mutant kwP site 

[0137] Plasma pCALwM (E in Fig. 14) prepared in example 5-0H5] isaplasmid. in which wild-type taPsfte/ dop- 
ing site (Swal site) / mutant loxP site is inserted into EcoRI site, a doning site in the CAG promoter of dasmid pCAGGS 
(descrtoed in example 5-0H3]). Following operation was conducted in order to remove both ori and pdy(A) sequence 
of SV40 from the pCALwM. 

[0138] pCALwM was cxgeeted with BamHI to remove ori and pory(A) sequence of SV40, 
cdi was transformed, and plasmid pCALwMds (4.6 Kb. A in Fig. 18) was obtained. 

[2] Construction of plasmid (pCALhmBMds) inserted with rr/grwnycin B resistant gene 

[0139] Fdlowing DNA was prepared in order to construct plasmid. in which hygromydr 
inserted into Swal site of plasmid pCALwMds. 

(a) a DNA fragment obtained by digestion of plasmid pCALwMds with restriction enzyme Swal. 

(b) a DNA fragment d appro*. 1 . 1 Kb. containing rrvgrotrrvcin B resistant gene, recovered from agarose gd electro- 
phoresis, after doubly digestion of plasmid pCHD2L (Ikeda d al.. Gene. 71 : 19-27. 1988) with restriction enzymes 
Smal and Dral. 
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[0140] After ligation of both DMA fragments of (a) and (b). E. coli was transformed, and then ptasmid pCALhmBMds 
(5.7 kb. B in Rg. 18) was obtained. pCALhmBMds is a plasmid. in which hygromycin B resistant gene is inserted 
between wiW-typeloxP site and rrutant loxP site in theCAG prortxrter. 

PI Construction of transformed cell line expressing hygromycin B resistant gene 

[0141J Following operation was conducted in order to obtain transformed cell line having one copy of foreign DNA 
consisting of promoter /wild-type toxP site / hyoromycin B resistant gene/ mutant toxP site /po)y(A) sequence on chro- 
mosome of ^Transformation of cells was performed by calcium phosphate DNA copreciprtation method of Chen- 
Okayama method. 

(i) 20ug of plasmid pCALhmBMds constructed in [2] was dissolved in finaJ corxantrri^ 

ride solution (volume 1 0Oul). and 100ul of 2 x BBS solution (50 mM N.N^s(2^ya^rtriy^-2-amirioethane sulfonic 
acid / 280 mM NaO / 1 .5 mM NajHPO* (pH 6.95) were added. This mixture was added to CV-1 cells cultured in 
tJieDMEM medium supplemented with 5% FCS in 6cm dish, and cultured at 35«C for about 24 hours in 3% COj 
QtmoGphdro. 

(ii) After removal of culture medium, cells were washed with PBS(-). and were added DMEM medium supple- 
mented with 10% FCS, and cultured at 3T>C for overnight in 5% C0 2 atmosphere. 

(iii) Cells were harvested from 6cm dish and inoculated to 96 well microplate. further cultured for overnight. Medium 
containing hygromycin B was added to the ceils to final concentration of 0.4 mg/ml. cells were further continued for 
cultivation, and medium containing hygromycin B was exchanged on 3 to 4 days intervals. 

(iv) Survhrable cells after about 3 weeks (hygromycin B resistant cell lines) were cloned and expanded, and 
genomic DNA was extracted from the cell lines. To obtain transformed cell lines, in which only single copy of the 
objective gene was inserted on a cell chromosome, the genomic DNAs were digested with restriction enzyme 
Pvull. in which the recognition site was not existed in the plasmid pCALhmBMds used for transformation, and 
digested DNAs were analyzed by Southern blotting using the full length of plasmid pCALhmBMd as a probe. As a 
result. 18 clones of desired cell lines were obtained. Insertion of single copy of the objective gene was also con- 
firmed by Southern blotting analyzled genomic DNAs of cells digested with restriction enzyme EcoRI. in which only 
one recognition site exists on plasmid pCALhmBMd. 

(2) Construction of cell lines for gene replacement expressing bleomycin resistant gene 

(1] Construction of plasmid (pCALGFBMds) inserted with bleomycin resistant gene 

[0142] Following operation was conducted in order to construct plasmid inserting bleomycin resistant gene into 
Swal site of plasmid pCALwMds. 

[0143] Plasmid pTracer-CMV (Invitrogene Inc.) was digested with restriction enzyme PmaCI, and subjected to aga- 
rose gel electrophoresis, and then a DNA fragment of approx 1 . 1 kb containing fusion gene of green fluorescent protein 
(QFP) and bleomycin resistant gene was recovered. The said DNA fragment was ligated with Swal digested plasmid 
pCALwMds (prepared in (1)-[2D and reaction mixture was digested with restriction enzyme Swal. and E. coli was trans- 
formed, and then plasmid pCALGFBMds (5.7 kb. C in Rg. 18) was obtained. Plasmid pCALGFBMds is a plasmid. in 
which gene of fused protein of GFP and bleomycin resistant gene is inserted between wild-type loxP site and mutant 
loxP site in the CAG promoter. 

[2] Construction of transformed cell line expressing bleomycin resistant gene 

[0144] Following operation was conducted in order to obtain transformed cell line having single copy of foreign 
DNA. consisting of promoter / wild-type loxP site/ gene of fused protein with GFP and bleomycin resistant gene /mutant 
loxPsne/poWA) sequence. 

[0145] Basically, the method is same as in the construction of hygromycin B resistant cell lines shown in (1)-[3J. 
Only different procedures are explained as follows. Plasmid pCALGFBMds constructed in [2]. was used for transforma- 
tion of CV-1 cells. Bleomycin (final concentration 0.4 mg/ml) was used for drug selection of transformed cells. Full length 
DNA of pCALGFBMds was used as a probe for Southern blotting for selection of transfer mants inserted with only single 
copy of the objective gene. 

[0146] In order to classify the obtained bleomycin resistant cells (only single copy of objective gene was inserted) 
with the expression levels of inserted gene, the expression level of GFP was measured. Expression level of QFP was 
performed by measuring fluorescence at 507 nm by excitation at 478 nm. As a result, cells were classified into: cell lines 
with high expression of GFP (C18 and C35). cell lines with medium expression (C29 and C38) and cell lines with low 
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expression (C19 and C30)(Numerals show number of cefl One). 
Examples 



[0147] Following experiments were conducted m order to prove that lacZ gene in the plasma DNA (circular DNA) 
could be replaced onto adenovirus genome by combi nati on of wild-type loxP site and mutant knP site. Principle of the 
experiment is as Mows (Rg. 17). Pbrv{^seo^e«»ofTKger»/wild^loxP site /tecZ gene/ mutant loxP site /ori 

to and pory(A) sequence rj«SV40/wild-t^ 

erated in example 6. Whan the cultured cells were doubly infected with this virus and Cre expressing recombinant ade- 
novirus AxCANCre shown in example 1. specific recombi na t io n occurred between two wfld-type taxP sites, then 
adenovirus (a) havtnQ poiy(A) sequence of TK gene / wild-type IcorP site and circular DNA (b) having wild-type loocP site 
/ lacZ gene / mutant loxP site / ori and poty(A) sequence of SV40 were generated. Since the efficiency of this reacfon 

is using recombinant adenovirus inserted with two wild-type taxP sites and Cre expressing recombinant adenovirus is 
very high (Kanegae et al.. Nucleic Acids Res.. 23: 3816-3821, 1995). it is expected to generate adenovirus (a) and cir- 
cular DNA (b) in almost 1 00% of cultured caffs. Though there is a promoter of SV40 ori in the circular DNA (b). lacZ 
gene can not express, because the transcription of lacZ is blocked by the poiyfA) sequence of SV40. which is located 
adjacently at the downstream of the promoter. When cells, in which the circular DNA (b) was generated, are further 

20 infected with recombinant adenovirus AxCALwM for target generated in example 6. recombination between the circular 
DNA (b) and AxCALwM occurs, then adenovirus (c) having structure of promoter / wild-type kwP site / lacZ gene / 
mutant taxP sequence / poty(A) sequence is generated through intermediates containing two wild-type kwP sites and 
two mutant toxP sites. In adenovirus (c). lacZ gene is expressed, and fJ-galactosriase encoded in lacZ gene is pro- 
duced, accordingly cells are stained with blue by staining treatment as follows. 

as [0148] hi actual experiment cultured cells (CV-1 cells or COS-i cells) were simultaneously infected with three 
types of viruses including recombinant adenovirus AxAUMOL for donor. Cre expressing recombinant ederiovirus 
AxCANCre and recombinant adenovirus AXCALwM for target. Multiplicity of infection (moi) of each virus is as follows. 
Recombinant adenovirus for target moi - 9, Cre expressing recombinant adenovirus: moi - 5 or 15 end recorrttnant 
adenovirus for donor: moi - 10. 30. 60, 100 and 200. Cells were infected with above viruses for 1 hour, then medium 

so was added and cultured. Three days later, cultured medium was removed and cells were washed with PBS(-) at their 
surface, and cells were fixed with 0.25% glutaraldehyde solution at 4-C fa 10 minutes, then again washed with PBS<- 
). X-Qal staining solution [5n^ rxtassium ferricy^ 

mg/mJ X-Gal (5*rorno-4-chloro-3-indc^^ / PBS (•)) was added and stained for overnight Results were 

shown in Fig. 1 9. Fig 19 shows result in the case. CV-1 cells were infected with Cre expressing recombinant adenovirus 

as atmoi 15. About 60% of certs infected wrthrecorrtfre^ adenovirus to 

at moi 100. were stained. Although not shown in Fig 1 9. no blue stained cells were found when cells were infected with 
only recombinant adenovirus for donor or doubly infected with recombinant adenovirus for donor arid Cre expressing 
recombinant adenovirus. Further, in case that cells were infected with Cre expressing recombinant adenovirus at moi 
5. and same experiment using COS-1 cells was conducted, almost same result as in Fig. 19 was obtained. 

40 [0149] Above resUts irxficate that, as a result that lacZ gene in genome of recombinant adenovirus for donor was 
inserted into genome of recombinant adenovirus for target then lacZ gene was connected direct/ with promoter and 
B-galactosidase was expressed. ceBs were stained with Hue. Namely the result dearty proves that lacZ gene between 
wiH-type loxP site and rrutart loxP 
effWerKv between wikMype kaP srte art 

45 the form of circular DNA. 



Example 9 



[0150] In example 8, it was shown that gene in circular DNA could be replaced into genome of adenovirus. In order 
to prove that gene can also be replaced into chromosome of ceils, foBowing experiment was conducted. The principle 
is same as in example 8. But instead of recombinant adenovirus tor target transformed cell Ones (target cell), con- 
structed in example 7, in which single copy of DNA consisting of promoter / wild-type loxP site / rrygrorrrycin B resistant 
gene / mutant loxP site /poly (A) sequence was inserted into chromosome, was used (Fig. 20). 
[0151] Each of arry six target ceUs with hygrcmycm 

and C28) were doubly infected with Cre expressing recombinant adenovirus AxCANCre at moi 5 and recombinant ade- 
novirus for dor»rAxALZMOL at mois of 10. 30. 100 and 300, respectively, fori hour, then medium was added and cul- 
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SSn^L^SLT 8 Z^ZJl^T " 8xanp(e 8 ™* and eels expressed with f> 

08J*rtwMas^^ sl^. Results are sh^ 
different depe«fr«j on eel lr^ incased 

from 10% (C19) to 30% <C8) were stained wfth blue. When cells were infected w^^nSnS^S 2? S 

wrus particles was observed. Although the data was not shown in figure, in case thai cefe were infected with onry 
onor at mo* 100 wtihout Cre a——- 1 -— <-■■ — > -- . — .. — 



IcocP site in B enome of target cells through formation of circular DNA. 



2, J^^,!l P T 8nt ^J^""' 8 rmtert .^L Srte in *» P"* 8 *™ <* r ~omb 1 ™« Cre. recom- 

bination with wild-type loxP site can not occur, and recombination between two mutant kwP sites having identical 
sequence can occur at the almost same efftoency of reoonfoination between lw Fur . 
Bx^ing to the present invention, a method for gene integration or gene replacement with high efficiency in higher 
iryote including animal cells by the cerrttnation of wfld-type lo^ 
wt toxP sites having different sequences in each other, is provided. 



mutant kwP sites having different sequences in each other, is provided. 
Free Text of Sequence Listing 
[01541 

SEQ ID NO: 1: wild-type loxP site; 
SEQ ID NO: 2 - 54: mutant IcocP site: 



QID NO: 55: sequence of sense strand designed for containing wild-type loxP site and restriction enzyme rec- 
ogntzmg site; 

f^!^T- MqUenCe " an,i8enM d8Si9ned ** COntainin0 a18 resJrictiDn erayme 



nizfog' ^ MqUenC8 01 ^ ^ d88iBn8d ** CCnt8ininB lotP 8118 and r68,ric,ion enzyme recog- 
'il*' 8et ' u8nce °' an '' 8ens * strand designed lor containing mutant loxP site and restriction enzyme rec- 



SEQ ID NO: 59: site of sense strand designed for containing mutant loxP site and restriction enzyme recognizing 



SEQ ID NO: 60: 
ognizing site; and 
SEQ ID NO: 61: Swal linker. 



45 
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SEQUENCE LISTING 

< 1 1 0 >Suaitaao Pharmaceuticals Company, Limited 

< 1 2 0 >lfutated Type of loxP and Application thereof 

10 

<130>E431 7-00 

is <150>JP 9-331289 and JP 10-273150 

<151>1 997-1 1-13 and 1998-9-28 

40 <1 60>6 1 

<2 1 0>1 
* <21 1>34 

<212>DNA 

< 2 1 3 > Bacteriophage PI 

30 

<400>1 

^ ataacttcgt ataatgtatg ctatacgaag ttat 34 

<210>2 
40 <2 1 1 >34 

<2 1 2 >DN A 

< 2 1 3 > Artificial Sequence 

45 

<220> 

< 2 2 3 > Sequence of Mutant loxP 

50 

<4 O 0>2 
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ataacttcgt atagtgtatg ctatacgaag ttat 

<210>3 
<2 1 1>34 
<212>DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxP 

< 4 0 0 > 3 

ataacttcgt atattgtatg ctatacgaag ttat 

<2 1 0>4 

< 2 1 1 >3 4 
<212>DNA 

< 2 1 3 > Artificial Sequence 

<2 2 0> 

< 2 2 3 > Sequence of Hutant loxP 
<400>4 

ataacttcgt atactgtatg ctatacgaag ttat 

<210>5 

<2 1 1>34 

<2 12>DNA 

< 2 1 3 > Artificial Sequence 
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<2 20> 

< 2 2 3 > Sequence of Mutant loxP 
<400>5 

ataacttcgt ataacgtatg ctatacgaag ttat 

<210>6 

< 2 1 1 >34 
<212>DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant ioxP 
<400>6 

ataacttcgt ataaagtatg ctatacgaag ttat 

<210>7 
<21 1 >3 4 
<2 1 2>DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant loxP 
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<2 1 0>8 
<2 1 1>34 
<212>DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant lozP 
<4 00>8 

ataacttcgt ataatatatg ctataegaag ttat 

<2 1 0>9 
<2 1 1 >34 
<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant ioiP 
<400>9 

ataacttcgt ataatctatg ctataegaag ttat 

<2 1 0>1 0 

<2 1 1>34 

<2 1 2 >DNA 

<2 1 3> Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxP 



ataacttcgt ataatttatg ctatacgaag ttat 



<2 1 0>1 1 
<2 1 1>34 
<2 1 2>DNA 

< 2 1 3 > Artificial Sequence 

<2 2 0> 

< 2 2 3 > Sequence of Mutant loxP 
<4 0 0>1 1 

ataacttcgt ataatgcatg ctatacgaag ttat 

<2 1 0>1 2 
<2 1 1>34 
<212>DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxP 
<400>1 2 

ataacttcgt ataatgaatg ctatacgaag ttat 

<210>13 
<21 1>34 

< 2 1 2 >DNA 
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< 2 1 3 > Artificial Sequence 
<220> 

< 2 2 3 > Sequence of tiutant loxP 
<400>1 3 

ataacttcgt ataatggatg ctatacgaag ttat 

<210>14 
<21 1 >3 4 
<212>DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxP 
<400>1 4 

ataacttcgt ataatgtgtg ctatacgaag ttat 

<2 1 0>1 5 

< 2 1 1 >3 4 
<2 12>DNA 
<213> Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant loxP 



<400>1 5 
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<2 1 0>1 6 
<2 1 1 >34 
<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant loxP 
<400>1 6 

ataacttcgt ataatgtctg ctatacgaag ttat 

<2 1 0>1 7 
<2 1 1 >3 4 

< 2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant loxP 
<400>1 7 

ataacttcgt ataatgtacg ctatacgaag ttat 

<2 1 0>1 8 
<2 1 1>34 

< 2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 
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< 2 2 3 > Sequen e of Mutant loxP 

< 4 0 0 > 1 8 

ataacttcgt ataatgtaag ctatacgaag ttat 

<210>19 
<211>34 
<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<2 2 0> 

< 2 2 3 > Sequence of Mutant loxP 
<400>1 9 

ataacttcgt ataatgtagg ctatacgaag ttat 

<2 1 0>2 0 
<21 1>34 

< 2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant loxP 
<400>20 

ataacttcgt ataatgtata ctatacgaag ttat 

<2 1 0>2 1 
<2 1 1>34 
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<212>DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant lozP 
<4 0 0>2 1 

ataacttcgt ataatgtatc etatacgaag ttat 

<210>22 

< 2 1 1 > 3 4 
<2 1 2 >DN A 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant lozP 
<400>22 

ataacttcgt ataatgtatt etatacgaag ttat 

<2 1 0>2 3 
<2 1 1 >3 4 

< 2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant loxP 



ataacttcgt ataatgtatg ttatacgaag ttat 



<2 1 0>24 
<2 1 1 >3 4 

< 2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<2 2 0> 

< 2 2 3 > Sequence of Mutant loxP 
<400>24 

ataacttcgt ataatgtatg gtatacgaag ttat 

<2 1 0>2 5 
<2 1 1 >34 
<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant loxP 
<4 00>2 5 

ataacttcgt ataatgtatg atatacgaag ttat 

<2 1 0>26 

<2 1 1>34 

<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 



< 2 2 3 > Sequence of Mutant loxP 
<400>26 

ataacttcgt ataaegtata ctatacgaag ttat 

<2 1 0>2 7 
<2 1 1 >3 4 
<2 12>DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant loxP 
<4 0 0>2 7 

ataacttcgt ataacgtatc ctatacgaag ttat 

<2 1 0>2 8 
<2 1 1 >3 4 
<2 1 2>DNA 

< 2 1 3 > Artificial Sequence 

<2 2 0> 

< 2 2 3 > Sequence of Mutant loxP 
<400>28 

ataacttcgt ataacgtatt ctatacgaag ttat 



<2 1 2 >DN A 

< 2 1 3 > Artificial Sequence 

<2 2 0> 

< 2 2 3 > Sequence of llutant loxP 
<4 0 0>2 9 

ataacttcgt ataaagtata ctatacgaag ttat 

<2 1 0>30 
<2 1 1 >3 4 

< 2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of llutant loxP 
<400>30 

ataacttcgt ataaagtatc ctatacgaag ttat 

<2 1 0>3 1 
<2 1 1>34 

< 2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<2 2 0> 

< 2 2 3 > Sequence of llutant loiP 
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<400>3 1 

ataacttcgt ataaagtatt ctatacgaag ttat 

<210>32 
<2 1 1>34 
<212>DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxP 
<400>32 

ataacttcgt ataaggtata ctatacgaag ttat 

<2 1 0>33 
<2 1 1 >34 
<2 1 2 >DN A 

< 2 1 3 > Artificial Sequence 

<2 2 0> 

< 2 2 3 > Sequence of Mutant loxP 
<4 0 0>3 3 

ataacttcgt ataaggtatc ctatacgaag ttat 

<2 1 0>34 
<2 1 1>34 

< 2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 



< 2 2 3 > Sequence of Mutant loxP 
<400>34 

ataacttcgt ataaggtatt ctataegaag ttat 

<210>35 

< 2 1 1 > 3 4 

< 2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant lorf 
<4 00>3 5 

ataacttcgt ataatatata ctataegaag ttat 

<2 1 0>3 6 
<2 1 1>34 

< 2 1 2 >DNA 

< 2 1 3> Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxP 
<400>3 6 

ataacttcgt ataatatatc ctataegaag ttat 
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<2 1 0>3 7 
<2 1 1>34 
<212>DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant loxP 

< 4 0 0 > 3 7 

ataacttcgt ataatctata ctatacgaag ttat 

<2 1 0>3 8 
<2 1 1>3 4 

< 2 1 2 >DN A 

< 2 1 3 > Artificial Sequence 

<2 2 0> 

< 2 2 3 > Sequence of Mutant loxP 
<4 0 0>3 8 

ataacttcgt ataatctatc ctatacgaag ttat 

<2 1 0>39 
<2 1 1>34 
<2 1 2 >DN A 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxP 
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<4 0 0>3 9 

ataacttcgt ataatttata ctatacgaag ttat 34 

<2 1 0>4 0 
<2 1 1>34 
<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxP 



<400>40 

a ataacttcgt ataatttatc ctatacgaag ttat 34 

<2 1 0>4 1 
» <211>34 

<212>DNA 

< 2 1 3 > Artificial Sequence 

35 

<2 2 0> 

< 2 2 3 > Sequence of Mutant loxP 

40 

<400>41 

45 ataacttcgt ataatttatt ctatacgaag ttat 34 



<2 1 0>4 2 
<2 1 1>34 
<2 1 2 >DNA 



45 



< 2 1 3 > Artificial Sequence 
<220> 

< 2 2 3 > Sequence of Mutant lozP 
<400>42 

ataacttcgt ataatgcata ctatacgaag ttat 

<2 1 0>4 3 
<2 1 1>34 
<2 1 2>DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxP 
<4 0 0>4 3 

ataacttcgt ataatgcatc ctatacgaag ttat 

<2 1 0>4 4 
<2 1 1>34 
<212>DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxP 
<400>44 

ataacttcgt ataatgaata ctatacgaag ttat 
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<2 1 0>4 5 
<21 1>34 

< 2 1 2 >DNA 

< 2 1 3 > Artificial 



<2 20> 

< 2 2 3 > Sequence of Mutant loxP 
<400>4 5 

ataacttcgt ataatgaatc ctatacgaag ttat 

<2 1 0>4 6 
<2 1 1 >34 
<212>DNA 

< 2 1 3 > Artificial 



<2 20> 

< 2 2 3 > Sequence of Mutant loxP 
<400>46 

ataacttcgt ataatggata ctatacgaag ttat 

<2 1 0>4 7 
<2 1 1 >34 
<2 1 2 >DN A 

< 2 1 3 > Artificial Sequence 
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< 2 2 3 > Sequence of Mutant 1 xP 
<400>47 

ataacttcgt ataatggatc ctatacgaag ttat 

10 

<210>48 
<2 1 1>34 
» <2 12>DNA 

< 2 1 3 > Artificial Sequence 

» < 2 2 0> 

< 2 2 3 > Sequence of Mutant loxP 

25 <400>48 

ataacttcgt ataatggatt ctatacgaag ttat 

< 2 1 0 > 4 9 
<2 1 1>34 
<212>DNA 

35 

< 2 1 3 > Artificial Sequence 

* <220> 

< 2 2 3 > Sequence of Mutant loxP 

« <400>49 

ataacttcgt ataatgtgta ctatacgaag ttat 

50 < 2 1 0 > 5 0 

<2 1 1>34 
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<2 1 2>DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant loxP 
<400>S0 

ataaettcgt ataatgtttc ctatacgaag ttat 

<2 1 0>5 1 
<2 1 1>34 
<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxP 
<400>5 1 

ataacttcgt ataatgtctt ctatacgaag ttat 

<2 1 0>5 2 
<2 1 1>34 
<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Mutant loxP 
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ataacttcgt ataatgtaca ctatacgaag ttat 

<2 10>53 
<2 1 1>34 
<2 1 2>DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sequence of Mutant loxF. 
<4 0 0 >5 3 

ataacttcgt ataatgtaac ctatacgaag ttat 

< 2 1 0 > 5 4 
<2 1 1 >34 
<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Sequence of Uutant loxP 
<4 00>54 

ataacttcgt ataatgtagt ctatacgaag ttat 

<2 1 0>5 5 

<2 1 1 >5 2 

<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 
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<220> 

< 2 2 3 > Sense Strand of Designed Sequence Containing Sequence of 
Wild-type loxP and Restriction Enzyme Recognition Site 

<400>55 

tcgaggtgca cataacttcg tataatgtat gctatacgaa gttaUcgcg tt 52 

<2 1 0>5 6 
<2 1 1>52 

< 2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Anti sense Strand of Designed Sequence Containing Sequence of 
Wild-type loxP and Restriction Enzyme Recognition Site 

<400>56 

ctagaacgcg tataacttcg tatagcatac attatacgaa gttatgtgca cc 52 

< 2 I 0 > 5 7 

< 2 1 1 > 6 0 
<2 12>DNA 

< 2 1 3 > Artificial Sequence 

<2 2 0> 

< 2 2 3 > Sense Strand of Designed Sequence Containing Sequence of 
Mutant loxP and Restriction Enzyme Recognition Site 



<4 00>5 7 
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tcgagtccgg aataacttcg tataacgtat aetatacgaa gttatgctag catttaaatg 60 

< 2 1 0 > 5 8 
<2 1 1>60 
<2 1 2>DNA 

< 2 1 3 > Artificial Sequence 

<220> 

< 2 2 3 > Antisense Strand of Designed Sequence Containing Sequence of 
Mutant loxP and Restriction Enzyae Recognition Site 

<4 0 0>5 8 

tcgacattta aatgctagca taacttcgta tagtatacgt tataegaagt tattccggac 60 

<2 1 0>5 9 
<2 1 1 >6 0 
<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Sense Strand of Designed Sequence Containing Sequence of 
Mutant loxP and Restriction Enzyne Recognition Site 

<400>59 

cgcgcattta aattccggaa taacttcgta taacgtatac tataegaagt tatgetagea 60 

<2 1 0>6 0 
<2 1 1 >6 0 
<2 1 2 >DNA 
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< 2 1 3 > Artificial Sequ nee 
<2 2 0> 

< 2 2 3 > Antisense Strand of Designed Sequence Containing Sequence of 
Mutant loxP and Restriction Enzyae Recognition Site 

<4 0 0>6 0 

cgcgtgctag cataacttcg tatagtatac gttatacgaa gttattcegg aatttaaatg 60 

<2 1 0>6 1 

< 2 1 1 > 1 0 
<2 1 2 >DNA 

< 2 1 3 > Artificial Sequence 

<2 20> 

< 2 2 3 > Swal liner 
<4 0 0>6 1 

gatttaaatc 10 



1. A mutant loxP site having following properties: 

(a) a nucleotide sequence wherein, in a wild-type loxP site of the following formula derived from E. coli P1 
phage, at least one of the bases consisting of second (T). third (Q). fourth (T) and fifth (A) bases, and at least 
one of the bases consisting of sixth (T) and seventh (Q) bases within the 8 bases in the central part of the 
sequence (spacer region) are substituted by different bases, and regions except for the spacer region are 
optionally substituted by any base; 
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12345678 

5 ' -ATAACTTCGTATA ATftTATfir. TATACGAAGTTAT- 3 ' 
Spacer Region 



(b) a specific DNA recombination between said mutant locP site and the wild-type loxP site can not occur even 
in the presence of reeombinase Cre; and 

(c) a specific DNA recombination between the mutant loxP sites having identical nucleotide sequences can 
occur in the presence of reeombinase Cre. 

2. A mutant loxP site having following properties: 

(a) a nucleotide sequence wherein, in a wild-type kwP site of the following formula derived from E. coli P1 
phage, a base selected from the group consisting of second (T), third (G) and fourth (T) bases is substituted 
by a different base, and regions except for the spacer region are optionally substituted by any base; 



12345678 

5' -ATAACTTCGTATA ATftTATnr TATACGAAGTTAT- 3 • 
Spaceer Region 



(b) a specific DNA recombination between said mutant loxP site and the wild-type loxP site can not occur even 
in the presence of reeombinase Cre; and 

(c) a specific DNA recombination between the mutant loxP sites having identical nucleotide sequences can 
occur in the presence of reeombinase Cre. 

3. The mutant toxP site according to claim 1 or 2, wherein the specific DNA recombination between the mutant loxP 
site and another mutant loxP site having different nucleotide sequence can not occur in the presence of reeombi- 
nase Cre. 

4. The mutant loxP site according to daim 1 . wherein the sequence is expressed by SEQ ID NO: 26. SEQ ID NO: 29. 
SEQ ID NO: 30, SEQ ID NO: 35. SEQ ID NO: 39, SEQ ID NO: 42, or SEQ ID NO: 49. 

5. A DNA comprising the mutant loxP site according to any one of claims 1 to 4. 

6. A DNA comprising at least one wild-type loxP site and at least one mutant loxP site according to claim 1 or 2. 

7. The DNA according to claim 6 wherein a desired gene is inserted between the wild-type loxP site and the mutant 
loxP site. 

8. A DNA comprising at lest two mutant loxP sites having different nucleotide sequence in each other according to 
claim 3. 

9. The DNA according to claim 8 wherein a desired gene is inserted between two mutant loxP sites having different 
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10. A cell which is transformed by DNA according to any one of daims 6 to 9. 

11. A method for replacing gene comprising reacting DNA (a) and DNA (b) hereinbelow in the presence of recombi- 
nase Cre and obtaining DNA (c) hereirtbelow: 

(a) a DNA comprising of a wild-type loxP site, a gene A and a mutant toxP site according to claim 1 or 2, in this 
order; 

(b) a circular DNA comprising a wild-type k»P site, a gene B and the same mutant loxP sequence as DNA (a), 
in this order; and 

(c) a DNA in which gene A is replaced by gene B in DNA (a) 

wherein each of gene A and gene Bis any gene selected from the genes different in each other. 

12. A method for replacing gene comprising reacting DNA (a) and DNA (b) hereinbelow in the presence of recombi- 
nase Cre and obtaining DNA (c) hereinbelow: 

(a) a DNA comprising of two mutant loxP sites having different nucleotide sequences in each other according 
to claim 3 (mutant loxP site 1 and mutant loxP site 2) and gene A. arranged in the order of mutant loxP site 1 / 
gene A / mutant toxP site 2; 

(b) a circular DNA comprising of the mutant loxP site 1 . the gene B and the mutant loxP site 2, in this order; and 

(c) a DNA in which gene A is replaced by gene 8 in DNA (a) 

wherein each of gene A and gene B is any gene selected from the genes different in each other. 

1 3. The method according to claim 1 1 or 12 wherein the gene B is not a functional gene. 

14. The method according to claim 11 or 12 wherein the gene A is not a functional gene. 

1 5. The method according to any one of claims 1 1 to 1 4 wherein DNA (a) is chromosomal DNA of ceils and DNA (b) is 
plasmid DNA or DNA of double-stranded circular DMA virus. 

16. The method according to any one of claims 11 to 14 wherein DNA (a) is chromosomal DNA of cells and DNA (b) 
has properties to be converted irttracellularly to double-stranded circular DNA. 

17. The method according to any one of claims 1 1 to 14 wherein DNA (a) is chromosomal DNA of double-stranded 
DNA viruses and DNA (b) is plasmid DNA or DNA of double-stranded circular DNA virus. 

18. The method according to any one of claims 11 to 14 wherein DNA (a) is chromosomal DNA of double-stranded 
DNA viruses and DNA (b) has properties to be converted intracellulariy to double-stranded circular DNA. 

1 9. The method according to claim 1 7 or 1 8 wherein double-stranded DNA virus of DNA (a) is adenovirus. 

20. A transgenic animal having DNA according to any one of claims 6 to 9 on the chromosome. 

21 . A pharmaceutical product comprising DNA according to any one of claims 6 to 9. 
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FIG. 2 



Single-Base Substitution 
(Sense) 

12345678 

wilds 5'- ATGTATGC -3' 

lis 5' - GTGTATGC -3' 

12s 5' - TTGTATGC -3' 

13s 5" - CTGTATGC -3' 

21s 5'- ACGTATGC -3' 

22s 5' - AAGTATGC -3' 

23s 5' - AGGTATGC -3' 

31s 5' - ATATATGC -3' 

,32s 5' - ATCTATGC -3' 

33s 5' - ATTTATGC -3' 

41s 5'- ATGCATGC -3' 

42s 5' - ATGAATGC -3' 

43s 5' - ATGGATGC -3' 

51s 5' - ATGTGTGC -3' 

52s 5' - ATGTTTGC -3' 

53s 5' - ATGTCTGC -3' 

61s 5'- ATGTACGC -3' 

62s 5' - ATGTAAGC -3' 

63s 5' - ATGTAGGC -3' 

71s 5'- ATGTATAC -3' 

72s 5' - ATGTATCC -3' 

73s 5'- ATGTATTC -3' 

81s 5' - ATGTATGT -3' 

82s 5' - ATGTATGG -3' 

83s 5' - ATGTATGA -3' 



FIG. 3 



Single-Base Substitution 
(Anti sense) 

87654321 

wilda 5'- GCATACAT -3' 

11a 5'- GCATACAC -3' 

12a 5' - GCATACAA -3' 

13a 5'- GCATACAG -3' 

21a 5'- GCATACGT -3' 

22a 5*- GCATACTT -3' 

23a 5* - GCATACCT -3' 

31a 5'- GCATATAT -3' 

32a 5'- GCATAGAT -3' 

33a 5'- GCATAAAT -3* 

41a 5'- GCATGCAT -3' 

42a 5' - GCATTCAT -3' 

43a 5' - GCATCCAT -3' 

51a 5'- GCACACAT -3' 

52a 5' - GCAAACAT -3' 

53a 5' - GCAGACAT -3' 

61a 5'- GCGTACAT -3' 

62a 5' - GCTTACAT -3' 

63a 5' - GCCTACAT -3' 

71a 5'- GTATACAT -3' 

72a 5' - GGATACAT -3 

73a 5' - GAATACAT -3 

81a 5' - ACATACAT -3 

82a 5' - CCATACAT -3 

83a 5' - TCATACAT -3 
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FIG. 4 

Double-Base Substitutions 
(Sense) 







12345678 




wilds 


5'- 


ATGTATGC 


-3' 


2171s 


5'- 


ACGTATAC 


-3' 


2172s 


5'- 


ACGTATCC 


-3' 


2173s 


5'- 


ACGTATTC 


-3' 


2271s 


5'- 


AAGTATAC 


-3' 


2272s 


5'- 


AAGTATCC 


-3* 


2273s 


5'- 


AAGTATTC 


-3' 


2371s 


5'- 


AGGTATAC 


-3' 


2372s 


5'- 
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